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CHAPTER I 
INTRODUCTION, ORIENTATION, AND OBJECTIVES 
BACKGROUND INFORMATION 
In 19U7, the manufacturing vice president of Ford Motor Company, 
Del S. Harder, used the word "automation" to describe the automatic 
handling of parts into and out of machines* Also in 19U7, John Diebold 
presented his book Automation — The Advent of the Automatic Factory 
(1) in which he described the underlying factors and feasibility of 
automaticity in manufacturing and administrative operations"'". 
Automaticity did not originate in 19U7 with the coining of the 
word 11 automation"; the trend toward automaticity is of an evolutionary 
nature and has been in the minds of industrialists for some time. Degrees 
of automaticity had been realized in some applications such as ordnance 
manufacture, bottling operations, etc. without the benefit of this neo­
logism, although these applications were somewhat widely interspersed, 
with the wartime scientific advances and a general post-war demand for 
economical volume production, the thought and realization of increased 
automaticity developed to a degree not previously considered. 
The combination of these factors, in addition to demonstrations 
of compounded special machines for automatic manufacture especially by 
automotive production, and the short period in which the potentialities 
^Numbers in parenthesis refer to bibliographical references at the 
end of this thesis. 
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of automatic production were realized has developed into what is now 
known as the concept of automation. Automation has tempted the imagi­
nation of many persons, some of whom have predicted a "Second Industrial 
Revolution" in which a widespread conversion to automatic manufacture 
was projected as imminent. This has given labor organizations some 
cause for concern as to the future of their members. Thus far, auto­
mation has caused no major sociological disruptions; however the labor 
unions, notably the Congress of Industrial Organizations, have been in­
vestigating the developments with some diligence. 
At present, the majority of applications have been in the auto­
motive and other high-volume industries in which special machinery can be 
advantageously amortized. Installations in the medium-sized and lot-
production firms have been almost nil, apparently because of lower 
capitalization, the need to retain flexibility, and the possible absence 
of technical ability. 
DEFINITION 
The need now arises of defining "automation". Its definition is, 
however, actually an academic point since, from the process designer's 
standpoint the name of the process is immaterial provided it accomplishes 
the desired purposes most efficiently. He will not design a method of 
manufacture on the basis of what it will be termed. Yet care must be 
maintained that potentially optimum methods are not overlooked because 
they are not included in an artificial classification of operations. 
The use of the word "automation" is acceptable only if it does not 
restrict thinking. A broad definition is thus suggested. In its broadest 
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sense, automation connotes automaticity. More acute refinements in defi­
nition become practically a matter of opinions no technical body has 
presented a fixed definition (though the magazine Consulting Engineer 
(2) reports that automation is acceptable as a synonym for automatic 
control). The apparent purpose of the word is to differentiate the 
higher orders of control and automaticity from mechanization. The fine 
point of the definition would then be to define how automatic an auto­
matic system must be before it is termed "automated". In opposition to 
a mechanistic definition, Mr. Harder has stated in a 19$k speech (3), 
"Automation, as you know, has become a phrase to 
describe everything that is automatic • 
Mr. E. W. Brainard of the Hughs Aircraft Co. 
defines automation as follows: 'Automation is 
more than a merely transferring. Nor is it a 
pushbutton factory. It is a philosophy that may 
extend back to the design of the product. It is a 
new method of manufacture, not necessarily a new 
way of cutting metal, but a way of controlling the 
various processes. Automation is a philosophy of 
design, it is a manufacturing method, and it is 
control within a machine 1. 
"I like this particular definition because 
automation is labled a new manufacturing method. 
This I believe, is true. There are many other 
definitions equally as acceptable, but anyone who 
fails to recognize this fact has missed the point". 
Diebold has declared that he contracted the word "automatization" 
to automation, based on his weakness of spelling the former. 
Following these definitions, came a flood of others, a sample of 
which follows: 
Moross et al (k): "A concept which views the in­
dustrial process of an integrated system, function­
ally related, subject to internal and external dis­
turbances which the system can be programmed to 
correct without the agency of human intervention". 
C. E. Evansonj TAB Engineers, Chicago (5): "The 
application of machinery to perform and control 
automatically and continuously all of the manu­
facturing operations in a given plant — from the 
raw material to the finished product. It includes 
automatic transfer of material, automatic control 
and programming of operations, and automatic com­
pilation and recording of data. Its objectives 
are: balanced production, uniform and controlled 
quality, and lower costs". 
Richard Rimbach Associates (6): "Automation is the 
substitution of mechanical, hydraulic, pneumatic, 
electrical, and electronic devices for human organs 
of observation, decision, and effort". 
The reader can now observe the range of definitions from the 
preceding sample. He is furthermore entitled to his own definition on 
the basis of his experience and interpretations. However, in a pre­
vious investigation of the meaning of industrial automation, using the 
connations of the published literature and guidance of the previous 
definitions, the following definition of industrial automation has been 
formulated by the writer... 
Industrial automation is that process or operation 
in which the equipment involved is self-regulated 
with ancillary control equipment which simulates 
human sensory functions and causes those physical 
actions necessary to the execution of the process 
to occur. 
Mechanization is traditionally defined as the substitution of 
machinery or mechanical power for human or animal power; automation is 
then differentiated from mechanization in that automation implies auto­
matic control of machinery with other machinery. 
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NATURE OF THE PROBLEM AND THESIS OBJECTIVES 
In many of the publications in which automation is treated, there 
appears little information of a broad organizational scope and of an 
analytical nature. Much of what is presented is philosophical, illus­
trations of specific units and applications, prognostications, opinions 
in concurrence that automation is beneficial and is often directed to 
management. In some of the more technical journals, there is concrete 
and definite information concerning the industrial process. These, how­
ever, are of a specialized nature and are not presented as a facet of a 
more general scheme of organization. Furthermore, there has apparently 
been no attempt to examine the potentialities of a group of manufactur­
ing organizations to utilize the developments in automaticity, and to 
develop general principles of application, if such exist. These defi­
ciencies are the basic problems which this thesis attacks. 
The specific objectives of this effort are? 
1. To survey current publications relating to auto­mation in order to assemble technical information concerning the basic elements involved in auto­mation for industrial applications. 
2 . To propose principles of automation that may be used as guides for evaluating possible automation in industrial situations. 
3« To investigate the basic processes involved in several Georgia industrial plants, and to attempt to apply the proposed principles of automation to the processes to evaluate the automation potentials of these activities. 
U# To evaluate the general applicability of tfche auto­mation concept in the selected Georgia industries. 
Grey Walter (7) has written, "... where there is pattern there 
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is significance*1. If automation is to be accepted as a significant 
concept in manufacture, the converse should apply. Consequently, in 
addition to and underlying the other objectives of this thesis, there 
is a search for pattern. 
PROPOSED GENERAL DIVISIONS OF AUTOMATION 
From a survey of the literature concerning automation, there are 
several general areas in which improvements have been made to facilitate 
the automation of a process. These divisions, presented below, are pro­
posed as a basic organization of automation and are here used as the 
major thesis organization. 
The divisions in which a process becomes automated for a given 
product is one or more of the following: 
1 . In the physical performance of an operation on a 
product. This encompasses changes in machinery 
and method. 
2 . In the movement and feeding of the product between 
operations and into and out of machines. This is 
traditionally regarded as materials handling, but 
here is added automaticity in the form of specially 
built moving mechanisms to move the correct quantity 
of material at the correct time and in the correct 
position, without human handling or direct human 
control. 
3 . In the use of information processing devices to 
store, determine and produce controlling information 
for the operation to effect the necessary operating 
changes. While usually known as automatic control 
equipment, such units are viewed as basically in­
formation processing devices. 
In addition to these process considerations, there are possible 
product changes which would allow favorable reconsideration of the three 
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above actions for possible automatic production • 
The next four chapters of this effort are concerned with the 
developments in these areas over the traditional methods of performing 
them. The section on materials and methods is presented first, followed 
by a chapter on automatic materials handling* The last two chapters are 
concerned with automatic control and are entitled "Methods of Automatic 
Control" and "The Use of Computers for Process Control" respectively. 
The chapter on computers has been separated from the general treatment 
of automatic control since control with general-purpose computers is 
somewhat unique and its potential practicality has not been demonstrated 
in an actual process control installation. 




CONSIDERATIONS OF EQUIPMENT AND METHOD 
In order to perform value enhancing actions on a workpiece, it is 
usually necessary in the modern industrial process to use certain units 
of machinery. The physical nature of such equipment may vary between 
standard units and special purpose units, recognizing that any specific 
unit may exist on a continuum between these two classifications. Auto­
mation has been advanced through the use of special equipment and modi­
fied standard machinery, and many organizations offer their services for 
the construction of such machines; among the larger of them are the Cross 
Company, the Kearny and Trecker Corporation, and the W. F. and John Barnes 
Company. 
Theoretically, a machine can be constructed to accomplish any 
given function, though for many operations the construction of a special, 
completely automatic machine will be complex to a degree which renders 
it economically infeasible. Consequently, the feasibility of construct­
ing a special machine is governed by the potential economic advantage? 
it has been found warranted in many operations, infeasible in others, 
with many yet remaining to be considered* 
The use of special machinery to accomplish an operation in its 
existing form is then a frontal attack on the problem of feasible auto­
maticity. In the case of sewing a button to a garment, undoubtedly a 
machine could be designed which would automatically position the garment 
to the sewing instrument, position the button to the garment, and auto-
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matically perform the intricate loops necessary to attach the button. 
Visualizing the normal button with two or more holes, the unit required 
to accomplish this sewing operation may well pass the point of economic 
feasibility and remain as a possible solution, but not a practical one. 
The construction of a special machine to perform an operation in 
its existing form is one solution to the problem of basic considerations 
for automation of a process. It is logical to ask, what are the remain­
ing alternatives? As one executive said, during a visit in connection 
with this thesis, "Anything can be made automatic if you are willing to 
spend enough money to do it". The author proposes that many operations 
can be made automatic within the requirement of economic feasibility if 
one is able to devote the time and effort necessary to comprehensively 
consider the operations. These considerations along with Diebold!s re­
marks on "rethinking" infer that there are additional factors inherent 
in the creation of an automated process. These, it is believed, are the 
processing method, and the functional consideration of the product. 
Manufacturing method and product are, of course, interrelated; changes 
in one usually affect the other. However, a physical change in the 
product may not affect its functional characteristics though it may allow 
an advantageous change in the method. Conversely, a functional change 
in the manufacturing method may cause a physical change in the product 
yet preserving its functional utility. In the previous example of 
button-sewing, these considerations indicate that the functional charac­
teristics of the button should be analyzed. What is its purpose? The 
purpose of a button is to close an opening in a garment. This functional 
consideration of the product should then lead to considerations of other 
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lative motion between materials and operating instruments instead of the 
traditional materials handling methods. 
Regarding the product, physical appearance is often a consider­
ation which retards physical alteration even though the functional 
characteristics would be undisturbed. The previously mentioned button, 
for example, actually has two desirable characteristics. One is the 
function of closure and the other is aesthetic value. When the button 
is used for the aesthetic value alone, physical change is undesirable; 
but when its value is purely because of the closure characteristics, 
then there is a possibility of alteration or substitution of another 
item which also accomplishes the function, but which allows advantageous 
process changes. Aesthetic properties are an element of some products 
for which there is a specific demand. Many products are sold because 
there is a customer demand for that particular item, and a physical pro­
duct alteration may ruin the market. Consider, for instance, the pub­
lishing of a book; this involves typesetting, printing, and binding. 
Functionally, the object is to convey information from one source to 
another and there are many other media by which this communication can 
be accomplished; but a book is of such a nature that there is a demand 
for information in this particular form. 
Consequently, the product requires careful analysis of functional 
characteristics; to overlook such functional product considerations is 
an omission of a potential advantage. 
The evaluation of a manufacturing objective both from the stand­
point of the product and the process is a fundamental consideration and 
is therefore a pattern-like attribute. Functional evaluation is a defi­
nite aide to ingenuity at its least value. 
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methods of closing the opening, and consequently methods of fabricating 
the items suggested by a functional analysis. 
An overall functional view of the manufacturing procedure often 
can lead to physical, but not functional, alteration of the product. The 
question to be answered here is, "What functions must be performed to 
achieve the finished product?" (With the desired characteristics of the 
finished product stated in broad functional terms). These functions are 
not drilling and machining, but material removal; not packaging, but 
protecting and unitizing; not riveting, but securing, fastening, or 
joining. It is proposed then, that there exist other methods of accom­
plishing the desired operations that are more adaptable to automatic 
manufacture; what is apparently required is non-restricted thinking in 
broad functional terms. The project "Tinkertoy" development is inter­
esting in this respect. The function of fabrication of electronic units 
is to unite components in different combinations (rather than soldering 
connections). This has been accomplished by mounl Lng the components on 
standard size "wafers" which can be automatically stacked in various 
orientations and combinations. Electrical connections are accomplished 
by the standardized attachment of straight wires to the exposed terminals 
on the edge of the automatically oriented wafers; the wires also serve as 
the supporting member for the assembly. Thus the need for intricate manual 
wiring has been eliminated and also the need for the traditional metal 
chassis as a base. 
Such functional evaluation appears to be of advantage for indi­
vidual operations also. This approach may have been a consideration in 
the design of those machines using rotary indexing tables to achieve re-
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CHAPTER III 
THE MATERIALS HANDLING FUNCTION IN AUTOMATION 
Materials handling, being a subject of broad scope, has been 
divided into internal and external materials handling, where internal 
handling is within the confines of a plant, and external handling is 
that which is concerned with longer distance handling by rail, ship, 
trucking, etc.. Internal materials handling has been further subdivided 
into handling prior to manufacturing operations, handling during the 
process, and handling after the final operation, but before external 
shipment. These operations have been termed "transit*1, "process", and 
"distribution" handling respectively. 
The object of materials handling is to move material from one 
location to another with the minimum expenditure of money. This objec­
tive then sets a theoretically correct method; that which will provide 
maximum profits^". 
With the developments in controls, and the concept of increased 
automaticity, have come developments in materials handling which can 
often provide a savings over traditional methods. This chapter is con­
cerned with the developments and possibilities in each of the three in­
ternal handling areas, separate discussions of which follow: 
Safety is also a consideration, but it is intended that this be 
included in the profit function. 
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TRANSIT HANDLING 
Transit handling is characterized by the unloading of raw materials 
from an external carrier, storage, and introduction to the process. Mater­
ials are either in the form of discrete products, which is usually the 
case in fabricating operations, or continuous flow products, such as oil. 
The flow products present little handling problems, while the discrete 
units are more troublesome, requiring individual unit handling. 
Regarding discrete products, unloading, storing, and introduction 
of materials to the process presents some intricate variables which have 
made automatic handling in this phase difficult. First, the location of the 
unloading operation may vary; second, the material may be in many different 
forms or enclosures; third, the location of the storage area is usually a 
constantly changing variable; and fourth, the point of introduction to 
the process may vary. Consequently, flow routes and product nature are 
major considerations, Man-mechanical handling equipment combinations 
have provided in most current cases, the optimum solution to these problems. 
However, advances have been made in the form of specially built 
machines for breaking incoming unit loads. Carton and case unloaders for 
the bottling and canning industries have been devised. The Food Machinery 
and Chemical Corporation offers pallet unloaders (and loaders). In many 
cases, where fixed routes can be maintained, elaborate conveyors with 
diverters and automatic switching sections have been used. 
Using the flow processes as an ideal system of automatic handling, 
observations thereof indicate that all possible flow routes are installed, 
and the route for any given lot of material is selected and accomplished 
by opening and closing channels. Such is also the case in a rail yard, 
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h a s b e e n i n s o m e l i m i t e d a p p l i c a t i o n s ) b y l i v e c o n v e y o r s t o r a g e , o r t h e 
u s e o f f o u r w h e e l c o n t a i n e r s a s b o t h t h e d y n a m i c v e h i c l e a n d s t a t i c 
s t o r a g e c o n t a i n e r , a s i s d o n e i n m a n y l a u n d r i e s * 
T o s u m m a r i z e , t w o c o n c e p t s o f p o t e n t i a l v a l u e h a v e b e e n d i s c u s s e d : 
o n e , t h e u s e o f f l e x i b l e , a u t o m a t i c , m u l t i p l e f l o w r o u t e s ; a n d t w o , t h e 
w e l d i n g o f s t a t i c s t o r a g e c o n t a i n e r s a n d d y n a m i c m o v i n g v e h i c l e s * 
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DISTRIBUTION HANDLING 
Distribution handling is the converse of transit handling with 
the materials in a processed and altered form. The sequential procedure 
in this phase is packaging and/or unitization, storage, and loading to 
an external carrier. 
Automatic packaging is a realized accomplishment in many high 
volume processes. It usually entails the use of special or semi-special 
machines to unitize products in containers. Automatic carton staplers 
and sealers are now sold in standard models. For unitization of larger 
units, the Food Machinery Corporation, and other firms, have made auto­
matic pallet!zers available. The canning and bottling industries have 
capitalized on these automatic packaging and unitizing developments. 
The problem of handling between unitizing and storage, and between 
storage and shipping locations is identical to that considered under 
transit handling; the concepts developed there are also applicable after 
the packaging function. 
PROCESS HANDLING 
Fabricating operations assume the characteristics of continuous 
and job-lot manufacture in varying degrees of emphasis. Observations of 
the developments in materials handling for continuous production, and 
considerations for accomplishing materials handling automaticity for job-
lot manufacture are discussed separately below. 
MATERIALS HANDLING IN CONTINUOUS PRODUCTION PROCESSES. Automatic 
materials handling in those processes with continuous run characteristics 
have been observed to use two types of handling, and combinations of 
• 
these types. Materials are either transferred between machines, and 
automatically fed and unloaded, with special equipment; or machines are 
closely grouped around a central materials handling unit. In this latter 
case, the materials are operated upon while on the materials handling 
unit and in effect, do not require individual machine loading and un­
loading. Transfer machines and indexing rotary table machines are ex­
amples of this grouping. 
For intermachine transfer, conveyors such as is shown in Fig. 1 
are used; these conveyors are usually designed to accommodate a specific 
product. Methods of loading and unloading vary widely with the nature 
of the product and machinery. Fig. 2 illustrates one type of feeder 
known as a rotary barrel feeder which orients parts and continuously 
feeds them to the operation through a product-designed channel conveyor. 
The lower illustration of Fig. 2 shows such a feeder supplying a cham­
fering machine. 
Fig. 1 A product-designed conveyor which receives ordnance billets 
from a bank of cut-off machines and delivers them to the next operation 
(Photograph courtesy W, F. & John Barnes Company) 
Fig* 2 Illustration of a bowl feeder* Upper photograph shows details 
of a feeder, and lower picture demonstrates the feeder supplying a cham­
fering machine. (Photograph courtesy of Detroit Power Screwdriver Co.) 
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MATERIALS HANDLING IN JOB-LOT PRODUCTION PROCESSES. An extreme case in 
lot production is one in which each product is different from the pre­
ceding one and is not routed to any of the machines used by the pre­
viously manufactured product. Most job-lot processes do not approach 
this extreme and often produce only variations of several basic models. 
As the number of these basic models decrease, it is increasingly possible 
to segregate like operations and perform them in a continuous manner. 
If flow routes are well defined and are relatively stable for the 
different runs, the possibility exists of installing automatic inter-
machine handling equipment and automatic feeding and unloading units 
with a provision for changing critical routes between runs. 
Another possibility for increased automaticity is the use of 
universal feeding equipment for the special purpose machines sometimes 
used in lot production. These machines often receive parts with a common 
attribute; such a machine is the centerless grinder. The parts processed 
will always be cylindrical and it is conceivable that a feeding device 
for this type of machine can be designed which will accomodate all pro­
ducts. 
The method of handling in which parts are placed on a central 
materials handling unit with close machine grouping can sometimes be used 
in the lot process, though not always in a completely automatic instal­
lation. Fig. 3 illustrates semi-permanent tooling around a dial feed 
installation which can be rearranged as the lot characteristics warrant. 
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An observation of the flow processes indicates that materials 
are easier to handle in continuous form than in discrete form. In some 
processes, materials are received in continuous form, such as paper rolls, 
only to be transformed into discrete units. It may be possible to re­
tain the material in the continuous form longer than is currently done, 
thus allowing for continuous and less troublesome materials handling. 
This, of course, mandates that some operations common to all product 
variations can be performed on the products in this state. 
Consequently, it is observed that lot production requires flex­
ible materials handling; however, some of the characteristics of volume 
manufacture exist in most lot processes. It is suggested that these 
operations be segregated and performed with the techniques of continuous 
manufacture and materials handling* 
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CHAPTER IV 
METHODS OF AUTOMATIC CONTROL 
Before discussing the physical methods of automatic control, it is 
interesting to trace the industrial operator functions in terms of their 
association with various machine complexes. The functions are considered 
important since they are those that are assumed by the mechanical units 
of control equipment. 
The most basic operator function is that of pure hand operations 
with no mechanical equipment. The operator both controls the operation 
and furnishes the power to accomplish it. A large section of this cate­
gory is that of hand assembly which, because of the intricate positioning 
of components necessary, would require a unit of some complexity to ac­
complish these functions. 
Basic hand tools such as hand drills, files, and hammers are the 
next combination. The operator also performs all of the control functions, 
though he now possesses a mechanical advantage to assist him in his work, 
though his muscle power is still the primary source of energy for accom­
plishing the operation. 
One level above hand tools is the powered machine with which the 
operator may accomplish useful work with the assistance of external 
sources of power. He still performs all necessary control functions and 
on occasions uses muscle power to assist the machine such as is done on a 
wood lathe. This is the beginning of the mechanization "area" in which 
power other than that of the operator is introduced to the operation. 
Controls are first introduced to the operation in semi-automatic 
operations. Operator functions are primarily those of control with the 
minor automatic controls assisting him. Energy is required of the 
operator only in making the necessary control adjustments. An example 
of such a semi-automatic machine is the standard machine lathe with its 
automatic speeds and feeds. The operator must obtain information re­
garding the correct value of these variables and make the appropriate 
settings on the machine controls. In the semi-automatic machine, as in 
the non-automatic machine discussed above, the operator also handles 
workpieces into and out of the machinery. 
Using an automatic machine, such as a turret lathe, or an auto­
matically cycling unit, the operator is primarily concerned with loading 
and unloading materials from the machine and actuating it at the correct 
time. Most control functions are performed by physical equipment and 
often the operator needs little or no skill, the set-up or maintenance 
functions being performed by indirect labor. Many of the current in­
dustrial operations exists in this state today and are on the "brink" of 
automation. Operators perform the functions of loading and unloading 
and actuation of the machine at the correct time (if such actuation is 
required at all). 
The automatic machine which requires an operator for loading, un­
loading, and limited control action is the terminal point of the mech­
anization "area". Just inside the automation "area" is the fully auto­
matic machine which receives parts from an external source, automatically 
loads itself, performs the required operations, unloads Itself, and pre­
pares for the next operation. Only indirect labor is required in this 
o p e r a t i o n ; m a t e r i a l i s e i t h e r a u t o m a t i c a l l y p o s i t i o n e d f r o m b u l k s t o r a g e , 
o r i s f e d c o n t i n u o u s l y f r o m a p r e v i o u s o p e r a t i o n . S e m i - c o n t i n u o u s f e e d ­
i n g , s u c h a s t h a t o f b a r s t o c k t o a n a u t o m a t i c s c r e w m a c h i n e i s a l s o 
p o s s i b l e • 
I t i s a l s o w e l l t o n o t e t h a t t h e s e f u l l y a u t o m a t i c m a c h i n e s e v o l v e 
i n t o t w o c l a s s i f i c a t i o n s : t h o s e w h i c h a r e u s e d f o r c o n t i n u o u s p r o d u c t i o n 
o f a n u n v a r y i n g p r o d u c t , a n d t h o s e w h i c h a r e u s e d i n l o t o p e r a t i o n s . I n 
t h e f o r m e r , t h e r e p e t i t i v e c o n t r o l o p e r a t i o n s m a y b e b u i l t i n t o t h e 
m a c h i n e a n d a r e o f a r e l a t i v e l y p e r m a n e n t n a t u r e , w h i l e i n t h e l a t t e r , 
t h e r e m u s t b e a p r o v i s i o n f o r a l t e r i n g c o n t r o l i n f o r m a t i o n . T h e e q u i p ­
m e n t w h i c h a c c e p t s v a r y i n g c o n t r o l i n f o r m a t i o n a n d c o n s e q u e n t l y a u t o ­
m a t i c a l l y p e r f o r m s v a r y i n g p h y s i c a l a c t i o n s o n t h e b a s i s o f t h i s i n f o r ­
m a t i o n i s h e r e t e r m e d " f l e x i b l e a u t o m a t i c m a c h i n e s y s t e m s " . 
T h e r a n g e o f o p e r a t o r c o n t r o l f u n c t i o n s t o t h e p o i n t w h e r e t h e 
m a c h i n e c o n t r o l s y s t e m e x e r c i s e s c o m p l e t e c o n t r o l h a s b e e n t r a v e r s e d . 
H o w e v e r , t h e r e i s s t i l l a p o s s i b i l i t y f o r h u m a n c o n t r o l w h e n t w o o r m o r e 
f u l l y a u t o m a t i c o p e r a t i o n s a r e c o m p o u n d e d i n t o a n a u t o m a t i c u n i t o r 
s y s t e m . A s t h e s y s t e m c o m p l e x i t y i n c r e a s e s , t h e p o s s i b i l i t y o f t h e o c ­
c u r r e n c e o f a n e v e n t o u t s i d e o f t h e d e s i g n c h a r a c t e r i s t i c s o f t h e a u t o ­
m a t i c s y s t e m i n c r e a s e s . T o p r o v i d e f o r a u t o m a t i c r e s p o n s e s t o t h e s e 
o c c u r r e n c e s , i t i s o f t e n n e c e s s a r y t o i n f e a s i b l y c o m p o u n d t h e c o n t r o l 
s y s t e m . T h e m a j o r a d v a n t a g e o f h u m a n c o n t r o l i s t h a t o f f l e x i b i l i t y ; 
t h e r e f o r e a t s o m e p o i n t i n t h e c o n t r o l c o m p l e x , i t b e c o m e s f e a s i b l e t o 
u s e a c o m b i n a t i o n o f h u m a n a n d a u t o m a t i c c o n t r o l . T h e h u m a n m i n d h a s 
s o m e d r a w b a c k s a l s o . I t c a n r e m e m b e r l a r g e q u a n t i t i e s o f i n f o r m a t i o n a n d 
c o r r e l a t e s u c h i n f o r m a t i o n i n t o l o g i c a l d e c i s i o n s , b u t w h e n r e q u i r e d t o 
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t r a n s l a t e t h i s i n f o r m a t i o n i n t o i n t e l l i g e n t r e s p o n s e s a t h i g h s p e e d , i t 
c a n e a s i l y b e c o m e c o n f u s e d a n d m a k e e r r o r s . O t h e r c h a r a c t e r i s t i c s w h i c h 
l i m i t t h e f e a s i b i l i t y o f h u m a n c o n t r o l a r e : 
1 . V a r i a t i o n s a n d l i m i t a t i o n s o f h u m a n r e s p o n s e 
2 . D e v e l o p m e n t o f f a t i g u e , t e n s i o n , a n d m o n o t o n y 
3 . I n c o n s i s t e n c i e s i n h u m a n r e a c t i o n s 
I i . I n a c c u r a c i e s a n d v a r y i n g s e n s e o f j u d g e m e n t 
5 . L i m i t a t i o n s o f t e m p e r a t u r e , p r e s s u r e , v i b r a t i o n , e t c . , 
t h a t t h e h u m a n b o d y c a n s t a n d 
S p e r r y ( 8 ) s t a t e s , 
" T h e i d e a l c o m b i n a t i o n o f m a n a n d m a c h i n e w i l l b e t h e 
o n e i n w h i c h t h e m a n w i l l u s e h i s b r a i n t o a n a l y s e , 
f o r m j u d g e m e n t s , a n d i n i t i a t e c o m m a n d s , w h i l e t h e 
m a c h i n e t a k e s o v e r a l l o f t h e i n f o r m a t i o n g a t h e r i n g 
a n d r e p e t i t i v e c o n t r o l o p e r a t i o n s w h e r e i t s i n h e r e n t 
c a p a b i l i t i e s o f s p e e d a n d p o w e r a r e m o s t e f f e c t i v e " . 
I n a n a u t o m a t i c a l l y c o n t r o l l e d s y s t e m , c o n t r o l i n f o r m a t i o n i s 
p r e s e n t e d t o t h e c o n t r o l l i n g m e c h a n i s m i n a f o r m w h i c h r e q u i r e s n o i n ­
t e r m e d i a t e h u m a n i n t e r p r e t a t i o n f o r a c t u a t i o n o f m a c h i n e r y . T h r o u g h t h e 
u s e o f a u t o m a t i c c o n t r o l l e r s , o p e r a t o r s t h e n a s s u m e t h e f u n c t i o n o f c o n ­
t r o l l i n g t h e c o n t r o l l e r s ; t h i s a c t i o n i s h e r e t e r m e d " s e c o n d - o r d e r " 
c o n t r o l . 
C o n s e q u e n t l y , p a s t a p o i n t o f c o m p l e x i t y , t h e h u m a n m i n d r e m a i n s 
a s t h e o n l y f e a s i b l e i n f o r m a t i o n p r o c e s s i n g d e v i c e . T h e u s e o f d i g i t a l 
a n d a n a l o g c o m p u t e r s f o r o v e r a l l p r o c e s s c o n t r o l , a s i s p r o j e c t e d , w i l l 
p o s s i b l y p u s h t h i s f r o n t i e r o f f e a s i b l e a u t o m a t i c c o n t r o l e v e n f u r t h e r . 
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ORGANIZATION 
Control mechanisms appear to evolve into two classifications: 
those which are concerned with continuous variables, and those concerned 
with attribute variables. Also, manufacturing processes are similarly 
divided; there are those of a continuous nature such as the petroleum 
processes, and those of a fabricating nature in which each operation is 
discrete. This division is amplified by Ayres ( 9 ) statement, 
"A refinery is a model case of the kind of manufacturing 
operation known as the continuous process, in contrast 
to the discontinuous step-by-step operation of the 
automobile assembly line". 
Certain specific processes appear to have combinations of both types of 
manufacture. 
A distinction of terminology is desirable; the term "operations" 
shall refer to fabricating operations while "flow processes" shall refer 
to those continuous processes characterized by petroleum refineries. 
The term "process" without modification is considered to be a general 
term denoting either or both types of manufacture. 
Considerations of closed loop control which is of general interest 
in automatic control is discussed next. Following this treatment are 
separate discussions of flow process and fabricating operation control 
based on the previously discussed division. 
CLOSED LOOP CONTROL 
Of basic importance in automatic control and common to both flow 
and fabrication processes, is "closed loop" or "feedback" control. It 
is a means by which variables are maintained at a desired value, with-
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o u t h u m a n i n t e r v e n t i o n , a n d t h e b a s i s f o r s e l f - c o r r e c t i o n a n d s e l f -
r e g u l a t i o n . F u n c t i o n a l l y , r e f e r e n c e c o n t r o l i n f o r m a t i o n i s p l a c e d i n t o 
t h e f e e d b a c k s y s t e m w h i c h i s " c o n s u l t e d " a n d c o m p a r e d w i t h o b s e r v a t i o n s 
o f a n a c t u a l p r o c e s s v a l u e . I f t h e r e i s a d i f f e r e n c e b e t w e e n t h e d e ­
s i r e d a n d a c t u a l s t a t e s , t h e c o n t r o l s y s t e m t h e n t a k e s a p p r o p r i a t e c o r ­
r e c t i v e a c t i o n . T h e f u n c t i o n a l r e l a t i o n s h i p s o f t h e e l e m e n t s o f t h e 
f e e d b a c k l o o p a r e s h o w n i n F i g . 4. T h e d e s i r e d v a l u e o f t h e c o n t r o l l e d 
v a r i a b l e k n o w n a s t h e " s e t - p o i n t " i s i n t r o d u c e d t o t h e s y s t e m i n a u n i t 
c a l l e d t h e " R e f e r e n c e I n p u t E l e m e n t " . T h i s c o n t r o l i n f o r m a t i o n i s , i n 
e f f e c t , s t o r e d h e r e f o r f u t u r e u s e . O m i t t i n g t h e n e x t t w o u n i t s t e m p o r ­
a r i l y a n d p r o c e e d i n g t o t h e u n i t l a b e l e d " P r o c e s s " , w h i c h f o r s i m p l i c i t y 
c a n b e c o n s i d e r e d a p r o c e s s w i t h o n e c o n t r o l l e d v a r i a b l e , i t w i l l b e 
o b s e r v e d t h a t a d i s t u r b a n c e o f v a r i o u s o r i g i n s c a n c a u s e t h e p r o c e s s 
v a r i a b l e t o d e v i a t e f r o m t h e d e s i r e d v a l u e . T h e o u t p u t , o r t h e m a g n i t u d e 
o f t h e c o n t r o l l e d v a r i a b l e i s d e t e c t e d b y t h e u n i t t i t l e d " F e e d b a c k 
E l e m e n t " w h i c h m a y t r a n s d u c e t h e m e a s u r e m e n t i n t o a n o t h e r p h y s i c a l s y s t e m 
( s u c h as c h a n g i n g a measurement of revolutions p e r s e c o n d t o a v o l t a g e ) . 
T h i s i n d i c a t i o n o f t h e o u t p u t i s " f e d b a c k " t o t h e " C o n t r o l l e r " w h i c h c o m ­
p a r e s t h e a c t u a l v a r i a b l e v a l u e t o t h a t w h i c h i s s t o r e d i n t h e " R e f e r e n c e 
I n p u t E l e m e n t " . I f t h e s e v a l u e s d o n o t c o i n c i d e , t h e d e v i a t i o n o r e r r o r 
i s n o t e d b y t h e C o n t r o l l e r w h i c h g e n e r a t e s a n " e r r o r s i g n a l " a s a f u n c t i o n 
o f t h e v a r i a t i o n . T h i s e r r o r s i g n a l i s f e d t o t h e " F i n a l C o n t r o l E l e m e n t " 
w h i c h m a k e s a p h y s i c a l c o r r e c t i o n w h i c h w i l l r e t u r n t h e v a r i a b l e s t o t h e 
d e s i r e d v a l u e . T h e d e v i a t i o n o f a v a r i a b l e i n i t i a t e s a c t i o n t o c o r r e c t 
i t s e l f , a n d h e n c e t h e r e a s o n f o r t h e t e r m " c l o s e d l o o p " . 
T h i s c l o s e d l o o p n e e d n o t b e i n t h e f o r m o f a m e c h a n i c a l , h y d r a u l i c , 
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Fig* h Functional Diagram of Basic Feedback Loop 
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or electronic systeiy it could be and often is, closed with a human 
element, in operator could be instructed to maintain a desired value 
and to make correcting adjustments manually on the basis of the difference 
in the actual and desired values. The most simple solution to a control 
problem is to assign an operator to the job, thus obviating the need for 
automatic equipment. Nevertheless, the modern oil refinery would not 
function with its present efficiency with such individual control of each 
variable. It is suggested that there are opportunities to advantageously 
utilize feedback control which have not been previously observed. 
It would not be objective to overlook those automated systems which 
do not utilize the feedback loop in their control functions. It should be 
noted that feedback is not, and need not, be utilized for control when the 
variable deviation is slight and/or is not critical. In addition, feed­
back is not used in some applications of machine control and sequencing 
since this is primarily an on-off regulation and an error here is usually 
one of such complexity as to require human correction. If a deviation 
occurs in an "on" control, it is a 100 per cent error since the only other 
possible state is the opposite. 
In summation, the underlying method of self-regulation through a 
closed control loop has been outlined, with the suggestion that there are 
opportunities for applications not heretofore considered. 
AUTOMATIC FLOW PROCESS CONTROL 
In accordance with the previously presented difference between the 
flow and fabrication processes, and the consequent difference in their 
characteristic variables, this section discusses briefly the general types 
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of controllers used for continuous variables. The feedback phenomenon 
is particularly applicable to control of continuous variables and is used 
in all of the classifications to be presented. 
The corrective action obtained from a controller as a result of a 
variable deviation is known as the controller "response" or "mode" of con­
trol. Process control theory is comprised of the difference in the var­
ious major controller responses, which are: 
1 . Off-on or two position response 
2m Proportional response 
3. Proportional plus reset response (or "floating 
mode of control) 
h» Proportional plus rate response 
Each of these responses causes different variable fluctuations and 
has other characteristics which makes the use of one mode more advantageous 
than another for a given application. Brief discussions of each of the 
four modes follow. 
OFF-ON OR TWO POSITION CONTROL. Two position control is that control re­
sponse in which the final control element (such as a valve positioner) can 
only be positioned in one of two positions, usually either a maximum or 
miniiaum value (off or on). When controlling a variable about a given value 
(the control point), it causes continuous fluctuations as shown in Fig. 5. 
This action is known as ^hunting" in control terminology. 
Though two position response is the least acute of the four modes, 
it is satisfactory in many installations where a variable must be controlled 
within a relatively broad range* Such is the case in a thermostat for a home 
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Fig. 5 Typical variable fluctuations under the four modes of 
process control. Vertical scale is deviation from desired value 
(set point). Initial deviations caused by process disturbance . 
32 
heating system; fluctuations within the range of 2-3° F. are not critical. 
This is illustrative of industrial variables which require control but 
not acutely so. 
PROPORTIONAL RESPONSE, Proportional response is that controller action 
in which adjustments of the final control element are in a continuous 
linear relationship to the value of the controlled variable, or that action 
in which a valve would be opened in proportion to the deviation from the 
desired level. Correction of the variable deviation is therefore in pro­
portion to the amount of the deviation. 
Fig. £ also illustrates the characteristic variable fluctuations 
for this mode of control. It gradually dampens a fluctuation to an in­
significant amount. Proportional response has one major failing, however; 
when an input flow rate to the controlled process varies, the proportional 
controller will not return the variable to the desired value which has 
been set into the controller (the set point), but will dampen the variable 
at some value removed for the set point (off-set) as illustrated in Fig. 5» 
Proportional response is desirable in those cases where variable 
changes are frequent and the fluctuations of off-on response is undesirable. 
In addition, it is necessary that there be no significant input variations. 
PROPORTIONAL PLUS RESET RESPONSE. The problem of off-set in proportional 
controllers is eliminated with reset response by an added provision in the 
controller mechanism which compensates for input flow changes and thus 
eliminates off-set. 
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P R O P O R T I O H A L P L U S R A T E R E S P O N S E . P r o p o r t i o n a l r e s p o n s e , a s h a s b e e n 
s t a t e d , c o r r e c t s a v a r i a b l e d e v i a t i o n i n a l i n e a r p r o p o r t i o n t o t h e 
m a g n i t u d e o f t h e v a r i a t i o n . H o w e v e r , i n s o m e i n s t a n c e s , i t i s d e s i r a b l e 
t o r e t u r n t h e v a r i a b l e t o t h e d e s i r e d v a l u e m o r e r a p i d l y , a n d t h i s i s 
p e r f o r m e d b y c o n t r o l l i n g t h e f i n a l c o n t r o l e l e m e n t i n p r o p o r t i o n t o t h e 
r a t e o f t h e d e v i a t i o n . C o n s e q u e n t l y , a s i s s h o w n i n F i g . $ , t h e v a r i a b l e 
i s d a m p e n e d i n l e s s t i m e t h a n w i t h a n y o f t h e o t h e r m o d e s o f c o n t r o l , b u t 
t h e p r o b l e m o f o f f - s e t i s a g a i n i n t r o d u c e d . T o e l i m i n a t e t h e o f f - s e t i t 
i s n e c e s s a r y t o i n t r o d u c e a r e s e t m e c h a n i s m i n t o t h e r a t e c o n t r o l l e r 
w h i c h i s k n o w n a s a p r o p o r t i o n a l - p l u s - r e s e t - p l u s - r a t e c o n t r o l l e r . 
I t i s w o r t h y o f n o t e t h a t t h e r e e x i s t s a c o n t r o l l e r w h i c h a c t u a t e s 
t h e f i n a l c o n t r o l e l e m e n t i n p r o p o r t i o n t o t h e a c c e l e r a t i o n o f t h e v a r i ­
a b l e d e v i a t i o n , k n o w n a s " s e c o n d d e r i v a t i v e r e s p o n s e " . 
D I S C U S S I O N . R e g a r d i n g t h e m e c h a n i c s o f t h e c o n t r o l l e r s , t h e y a r e u s u a l l y 
p n e u m a t i c o r e l e c t r i c a l i n n a t u r e . I n s o m e c a s e s t h e y a r e h y d r a u l i c . H o w ­
e v e r , t h e u s e o f e l e c t r o n i c m e a n s f o r e r r o r - d e t e c t i o n a n d s i g n a l a m p l i f i ­
c a t i o n i s i n c r e a s i n g . 
E l e c t r i c a l c o n t r o l l e r s d e t e c t a n d a m p l i f y e r r o r s t h r o u g h t h e u s e 
o f a b r i d g e c i r c u i t s u c h a s t h e w e l l - k n o w n W h e a t s t o n e b r i d g e ; p n e u m a t i c 
c o n t r o l l e r s d e t e c t a n d m o d i f y t h e e r r o r s i g n a l b y v a r i o u s c o m b i n a t i o n s o f 
b e l l o w s , n o z z l e s , a n d f l a p p e r s w h i c h a c t o n l o w p r e s s u r e s o u r c e s o f a i r . 
T h e s e c o n t r o l l e r s a r e e s s e n t i a l l y s i m p l e , s p e c i a l - p u r p o s e a n a l o g d e v i c e s . 
T h e y c o n v e r t t h e m e a s u r e m e n t o f t h e p r i m a r y s e n s i n g e l e m e n t i n t o a n e r r o r 
s i g n a l , m o s t u s u a l l y a m e c h a n i c a l d i s p l a c e m e n t , c h a n g e i t t o a n e a s i l y 
h a n d l e d p n e u m a t i c o r e l e c t r i c a l v a r i a b l e , o p e r a t e o n t h e v a r i a b l e a n d 
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transmit it to a power unit which completes the feedback loop and con­
trols the process through a valve or other device. When controls such 
as have been illustrated are used to correct mechanical position in­
stead of variables such as pressure and temperature, they are called 
position servomechanisms. Such servomechanisms have been used in fabri­
cating operations to control contour and numerically-controlled machine 
elements. 
The use of these controllers in the flow processes had obviated 
the need for individual manual control of each variable and has enabled 
the process to operate at a speed at which manual control would be im­
practical. The basic reason for this, of course, is the construction of 
devices which can interpret control "instructions", obtain operating in­
formation from the process, and actuate a correcting unit on the basis of 
a comparison of the desired and actual values. When, for instance, pres­
sure is transduced to a voltage, the desired pressure value must be pre­
sented to the reference input element in a corresponding voltage. This 
voltage (without visual indicators) would mean nothing to a manual con­
troller as written instructions would mean nothing to the mechanical 
control system. Hence, when investigating a process for possible auto­
mation, it may be advantageous to determine the present means for storing 
and utilising control information, and possible other means which would 
facilitate the use of an automatic control system, 
CONTROL CF FABRICATING OPERATIONS 
The characteristic variables of the fabricating process are the 
off-on, yes-no, two-state variables of the step-by-step operation, and 
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consequently the controls for these operations are limit switches, re­
lays and the like which are also of a discrete nature. 
ft)stingl (10) usefully differentiates between power and pilot 
controls; accordingly, he has stated, as an example, that power circuits 
connect an electric source to motors, whereas pilot circuits connect 
control accessories such as relays, timers, etc* in combinations to con­
trol the power connections* This section is concerned with these pilot 
and not power circuits* "Pilot circuits'1 as used by Postingl serve to 
indicate those devices shown in Table 1 (in which some flow process con­
trol transducers have been included), however, the term pilot circuits 
is extended here to include all devices of higher order control* 
Among the devices used for control of discrete events are: limit 
switches, mercury switches, stepping switches, pneumatic relays, photo­
electric cells, timers, and electromagnetic relays* A comprehensive 
discussion of each of these units has been found to be considerably 
lengthy and in addition, somewhat basic* 
Electromagnetic relays however, deserve further presentation be­
cause of their ability to actuate other circuits sequentially and condi­
tionally* They are used widely for interlocking multimotor machines, and 
are useful for computing, information storage, and general information 
processing* They can be arranged into logical circuits as illustrated 
below, and have many other applications which are extensively treated by 
Kiester, Richie, and Washburn (11). 
Control of discrete machine actions can be broken down into state­
ments of logic using the connectives "and", "or", and "not", such as: 
actuate conveyor ttAn when machine "B" and "C* are on* In this example, 
Table 1 
A listing of pilot devices and typical applications. (Courtesy The 
Tool Engineer, Vol. 33, December 195U. After Postingl). 
Signal Pilot Device Basic Operation Typical Application 
Motion 
Lim II Pushbutton Insulated button or plunger mechanism is 
pressed by the opefaloi to open or close a 
set of contacts. 
General, machine tools, etc. Anywhere a 
circuit is to be initiated by an operator 
Foot Switch Similar to pushbutton except operated by 
the foot. 
Same as pushbutton 
Limit bw;ti.^ Lever or rod mechanism is operated to open 
or close contacts-
Machine tools, automatic machines, eleva­
tors, cranes, etc. 
Rotating Limit Switch 
iCam Switch) 
Rotation of J shaft causes cams to open or 
close contacts. May include gear bo* where 
many revolutions arc involved. 
Automatic machines programming 
Traveling Nut Nut type m.chanism travels along a rotat­
ing screw to operate contacts. 
Automatic machines, hoists, programming 
Selector Switch iftobs, handles, or levers arc turned by the 
operator to cpon or close contacts. 
Similar to pushbutton application. 
Tachometer Generator (either a-c or d-c) connected to 
machine Output voltage represents ma­
chine speed. 
Regulating systems in machine tools and 
automatic process lines. 
Centrifugal Switch Governor, or other speed sensing device, ac­
tuates contacts 
Control plug stopping of electric motors on 
machine tools, conveyors. 
Memory Mcchanicilly-held 
or latched tn 
device! 
Pushbuttons, relays, etc.. featuring main­
tained fyoe contacts respond to a signal 
and hold that condition until another signal 
is impressed. 
Machine tool processes, automation 
Relays with 
holding circuits 
Relays lock themselves in with their own 
contacts when energized. 
Cuneral, machine tool and processes, auto­
mation. 
Time Pushbuttons Pushbuttons include escapement or dashpot or capacitor discharge to introduce a time 
delay atter the button is operated. Some 
maintained type pushbuttons include a de­
lay action to convert the button to a mo­
mentary type after an interval. 
Used in processes where manual operation 
is necessary and a fixed time delay is still 
desired. Used to provide maintained con­
tacts on voltage dips and momentary con­
tacts on power failure. 
Timing Relay Relay includes time-delay mechanism 50 
that contact action is delayed cither on 
energization of the relay or de-energiza­
tion. 
Automatic machines, processing, etc. 
Temperature Thermostat Temperature actuates bimetal, fluid in bel­
lows or bourdon tube to operate contacts. 
Motor overload protection, automatic proc­
esses, heating and ventilating 
Electrical 
Current Current Relay Operating coil of rclav is designed to func­
tion for a particular flow of current 
through the coil. 
Overload protection, load sensing in batch 
processing systems, etc 
Contact Making 
Ammt for 
Similar to relay except designed for very 
low currents (mrcro?mps). 
Same as current relay 
Power Cont.ict Making 
Wattmeter 
Contacts are operated by wattmeter mecha­
nism. 
Same as current relay 
Power Factor Contact Mikinc 
Power Factor Meter 
Contacts arc operated by power factor 
m:ter mechanism 
Automatic control of synchronous motor 
field. Automatic control of capacitors for 
power factor correction. 
Resistance Bridge Circuit and 
Rclav 
Resistance to be measured is in one leg of 
a bridge circuit. Relay or other device de­
tects change of resistance 
Temperature measurements by resistance, 
follow systems, servo systems, regulating 
systems. 
Voltaic Voltage Relay Operating coil of relay is designed to func­
tion at a particular voltage. 
Control circuitry. 
Fluid 
Humidity Humidistat Element sensitive to humidity operates 
switch. 
Air conditioning. 
Liquid Level Float Switch Float mechanism senses liquid level to op­
erate contacts. 
Automatic processing systems, sewage and 
waste disposals liquid level control 
Pressure Pressure Switch Pressure of medium actuates diaphragm 
bellows or bourdon tube to operate con­
tacts. 
Compressors, hydraulic systems. 
Vacuum Vacuum Switch Pressure of medium actuates diaphragm, 
bellows or bourdon tube to operate con­
tacts. 
Vacuum systems and processes, pneumatic 
conveying. 
Visual 
Light Photoe lectric 
Control 
Photoelectric cells or tubes initiate sensi­
tive relays or electronic circuits to operate 
contacts. 
Limit switch applications, automation, 
process lines, printing and register regula­
tors 
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relays which are closed by machines "B" and "C" are connected in series 
(the logical "and" circuit); consequently an output voltage and hence 
the actuation of element "A" will only occur when relays "A" and "B" are 
closed. If it were desired to actuate element "A" when machines "B" or 
"C" were not on, relays "B" and "C" would be arranged in a parallel 
circuit (the logical "or" circuit) and would be normally closed to ac­
complish the "not" function* 
Consequently relay circuits can be cascaded so that they will 
actuate or sequence any given element (machine or operation) on the basis 
of information regarding the conditional state of another operation. The 
use of sequence controlling relays provides for set-up changes through 
electrical switching. Fundamentally, relay sequence control is a method 
of programming a machine for a given operation. Such a program may be 
permanent, as in the case of the Cross Company transfer machines, or 
temporary as is the automatic nailing machine manufactured by the G, M, 
Diehl Machine Works, Inc, The Diehl machine is designed for nailing 
boxes, packing cases, skids, etc., and provision is made for using one of 
a number of nailing patterns built into the machine, Cn the control panel 
are ten pilot lamps, nine sequence switches, and ten rows of 2k nail 
switches each. The sequence switches control the number of sequences to 
be performed, and the nail switches control relays which select the type 
nails and their patterns. The machine has 2k nailing heads, each with a 
solenoid-controlled chute to a nail chuck. During each operation of the 
driving head, the solenoids release nails to the chute for the succeeding 
operation. At the end of the sequence, the controls reset and repeat the 
operation in accordance with the number of sequences designated. 
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P o s s i b l y t h e u l t i m a t e i n u s e o f r e l a y s i n a c o n t r o l f u n c t i o n i s 
t h e i n s t a l l a t i o n o f t h e N e w Y o r k C i t y w a r e h o u s e o f J u d y B o n d , I n c . , 
m a n u f a c t u r e r o f b l o u s e s . T h e c o n t r o l u n i t f o r t h i s a u t o m a t e d w a r e h o u s e 
i s c a l l e d D A S A C ( 1 2 ) w h i c h i s a n a u t o m a t i c , s e l e c t i v e d i s p a t c h i n g u n i t 
c o n t a i n i n g a n e l e c t r o m a g n e t i c ( r e l a y ) m e m o r y w h i c h a c c e p t s o r d e r s f o r 
i t e m s c o n s e c u t i v e l y , r e t a i n i n g t h i s i n f o r m a t i o n f o r f u t u r e m e c h a n i c a l 
r o u t i n g . T h e g e n e r a l p u r p o s e o f t h e s y s t e m i s t o s e l e c t b u l k s t o c k f r o m 
a s t o r a g e a r e a , a n d s e n d t h e s e i t e m s , o n d e m a n d , t o a p a c k a g i n g a r e a 
w h e r e i n d i v i d u a l o r d e r s a r e a s s e m b l e d a n d m a n u a l l y p a c k e d . 
C o n s i s t i n g o f 2 5 > 0 r e l a y s , s t e p p i n g s w i t c h e s , a n d a d d - s u b t r a c t 
c o u n t e r s , t h e D A S A C i s t h e h e a r t o f t h e c o n t r o l s y s t e m * T o o p e r a t e t h e 
s y s t e m , c a r t o n s p i c k e d f r o m t h e w a r e h o u s e a r e m a n u a l l y l o a d e d t o a m a i n 
c o n v e y o r i n t h e w a r e h o u s e . A n o p e r a t o r , w o r k i n g f r o m a s h i p p i n g s c h e d u l e 
p r e s s e s o n e o f t w e n t y - t h r e e d e s t i n a t i o n b u t t o n s o n t h e c o n s o l e p a n e l , 
w h i c h s t o r e s t h i s i n f o r m a t i o n i n t h e D A S A C r e l a y s , a n d s u b t r a c t s o n e f r o m 
t h e i n v e n t o r y t o t a l s s t o r e d i n t h e s t e p p i n g s w i t c h e s . E a c h c a r t o n t h e n 
m o v e s d o w n a m a i n c o n v e y o r t o a r i g h t a n g l e t r a n s f e r c o n t r o l p o i n t w h i c h 
o n l y a l l o w s o n e c a r t o n a t a t i m e t o e n t e r a d i s t r i b u t i o n c o n v e y o r . A t 
r i g h t a n g l e s t o t h i s d i s t r i b u t i o n c o n v e y o r a r e 2 3 o r d e r f i l l i n g r a c k s . 
M i e n a c a r t o n i s r e l e a s e d f r o m t h e t r a n s f e r c o n t r o l p o i n t , i t m o v e s d o w n 
t h e c o n v e y o r a n d s i g n a l s i t s p o s i t i o n b a c k t o t h e c o n t r o l u n i t a s i t 
p a s s e s e a c h o f t h e e n t r a n c e s t o t h e 2 3 o r d e r f i l l i n g r a c k s . T r i h e n i t 
r e a c h e s t h e p r e - s e l e c t e d r a c k , t h e s w i t c h a t t h a t l o c a t i o n c l o s e s t h e 
f i n a l i n t e r l o c k t o s t o p t h e d i s t r i b u t i o n c o n v e y o r a n d a c t u a t e s s o l e n o i d s 
o p e r a t i n g t h e c o n v e y o r p u l l - o f f m e c h a n i s m . A h e l e c t r i c e y e s c a n s t h e 2 3 
e n t r a n c e s t o t h e r a c k s , f u n c t i o n i n g a s a n i n t e r l o c k t o p r e v e n t a n o t h e r 
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r e l e a s e f r o m t h e r i g h t a n g l e t r a n s f e r c o n t r o l u n i t u n t i l t h e s e l e c t i o n 
i n t r a n s i t h a s c l e a r e d t h e d i s t r i b u t i o n c o n v e y o r p u l l - o f f d e v i c e . 
T h e c a r t o n t h e n m o v e s d o w n t h e o r d e r f i l l i n g r a c k , a l l o f w h i c h 
a r e p l a c e d s i d e - b y - s i d e t o f o r m a g r a v i t y f e e d t a b l e 2 h f e e t l o n g a n d 
5 3 f e e t w i d e . W h e n t h e c o n t a i n e r r e a c h e s t h e t e r m i n a l e n d o f t h i s c o n ­
v e y o r , i t i s c a n c e l l e d o u t o f t h e i n v e n t o r y r e t a i n e d i n t h e D t A S A C m e m o r y 
b y a c t u a t i n g a l i m i t s w i t c h a t t h e e n d o f t h e r a c k . 
T h e r e m a i n d e r o f t h e o p e r a t i o n c o n s i s t s o f m a n u a l l y a s s e m b l i n g 
t h e o r d e r f r o m t h e p i c k i n g r a c k s , r e t u r n i n g t h e s e m i - f u l l c o n t a i n e r s t o 
t h e w a r e h o u s e , a n d s e n d i n g t h e a s s e m b l e d o r d e r t o p a c k e r s , a u t o m a t i c 
s e a l e r s , a n d f i n a l l y , t o o u t g o i n g t r a n s p o r t a t i o n . 
T h i s p r e s e n t a t i o n o f a u t o m a t i c m a t e r i a l s h a n d l i n g , i n a d d i t i o n t o 
i t s d e m o n s t r a t i o n o f t h e c o n t r o l c o m p o n e n t s , a l s o i l l u s t r a t e s t h e c o n c e p t 
o f c e n t r a l i z e d c o n t r o l . T h e D A S A . C c o n t r o l u n i t c o u l d h a v e b e e n s p l i t i n ­
t o s e p a r a t e c o m p o n e n t s e a c h i n a d i f f e r e n t p h y s i c a l l o c a t i o n . H o w e v e r , 
o n e - o p e r a t o r c o n t r o l w o u l d h a v e b e e n h i n d e r e d w i t h t h e i n e f f i c i e n t w a l k ­
i n g f r o m a c t i v i t y t o a c t i v i t y . T h e e l e c t r i c a l t r a n s m i s s i o n o f c o n t r o l 
i n f o r m a t i o n f r o m r e m o t e p o i n t s h a s f a c i l i t a t e d t h i s i n s t a l l a t i o n . I n 
g e n e r a l , i t i s s u g g e s t e d t h a t c e n t r a l i z a t i o n o f c o n t r o l m a y b e w o r t h y o f 
c o n s i d e r a t i o n w h e n c o n s i d e r i n g t h e p o t e n t i a l a u t o m a t i o n o f a p r o c e s s . 
T h e s i g n i f i c a n c e o f r e l a y s i n c o n t r o l a p p l i c a t i o n s t h e n i s t h e i r 
a b i l i t y t o f o r m l o g i c a l c i r c u i t s , a n d t o s e q u e n c e o p e r a t i o n s . T h e y , o f 
c o u r s e , h a v e o t h e r u s e s s u c h a s c o u n t i n g a n d s e l e c t i n g , b u t o f m a j o r i m ­
p o r t a n c e i s t h e i r a b i l i t y t o p r o c e s s , s t o r e , a n d o p e r a t e o n , c o n t r o l i n ­
f o r m a t i o n . 
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SYSTEMS OF FLEXIBLE MACHINE CONTROL 
In the preceding section, it has been mentioned that control is 
concerned with processing information. This section will advance the 
control-information concept further with demonstrations of several 
systems in which flexibility is built into automatic machines. In some 
automated units, flexibility has been lost with the installation of 
specialized machinery and control systems. The cylinder block transfer 
machine is a case in point. It can machine only cylinder blocks and is 
a specialized machine with little or no flexibility. How then, can a 
machine be both automatic and versatile? The Diehl relay controlled 
nailing machine is an example of a semi-versatile machine in that dif­
ferent nailing patterns can be programmed into the machine. To achieve 
versatility, it is necessary to provide a means for introducing varying 
instructions to the system, with the understanding, of course, that the 
machine is capable of performing these different operations. In systems 
which will be discussed in this section, a means is provided for intro­
ducing varying information in the form of punched tape, templets, con­
tours, manual settings, etc. 
Such versatile units are of significance particularly because of 
the rapid means by which they may be altered for use in other operations. 
In some cases, it is possible to store the control information in media 
such as punched tape, templets, or magnetic tape; it then becomes pos­
sible to store these "programs11 for future use when it is desired to 
produce another run of the product. 
The first part of this section shall discuss those machine systems 
which perform operations at a specific location, as does a drill press, 
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while the second part is concerned with systems which perform operations 
at any location, such as a milling machine. 
CONTROL SYSTEMS FOR PERFORMING OPERATIONS AT SPECIFIC LOCATIONS. The 
previously discussed Diehl relay controlled nailing machine is one of the 
simpler flexible-program machines. Program changes require no physical 
rearrangement of mechanical components, but only the setting of th© ap­
propriate switches to select nailing pattern and the desired nails. 
Pattern and nail selection are the variables that are controlled by the 
sequence switches and nail switches; the machine, in effect, has been 
programmed for a number of different nail patterns and the operator must 
only select the desired one. 
If an operator were assigned to perform the job manually, he would 
be given a hammer, boxes of several types of nails, and instructions re­
garding the desired nailing pattern and the particular nails to use. He 
would then use this information in the repetitious selection of nails, 
location of the nailing point, and the physical act of nailing. The act 
of nailing is a mechanical motor action, but the use of the nailing in­
structional information is the core of both the manual and automatic con­
trol systems. The manual and automatic systems differ in that the machine 
is faster but less versatile. The machine is receptive only to informa­
tion concerning the nailing patterns of which it "knows". ItfLth its re­
latively limited selection of patterns and nails, the machine, however, 
surpasses the operator in speed of nailing these patterns. The generality 
of machine speed versus manual versatility is, it has been observed, 
broadly true. The optimum combination of human and automatic control 
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(human versatility and mechanical speed) is believed to be the key to a 
correct control installation* Consequently it is indicated that when 
investigating a process for possible automation, the functions which re­
quire little or no versatility of control should be observed* Also the 
desirability of sacrificing the existing human versatility should be 
questioned before an installation is made. 
The Diehl machine is restricted to combinations of fixed addresses 
(or nailing points); the addresses are fixed in certain coordinate posi­
tions* The General Electric Automatic Punch Press, used for stamping 
electronic chassis, is more versatile in that it can locate and punch any 
coordinate position. The size of holes and their location are the vari­
ables which must be introduced to the machine; they are coded and placed 
in a punched card or tape which serves as the input media to a special 
purpose, small scale, computer that interprets this information, actuates 
the devices to position the chassis on two axes and selects the proper 
diameter hole punch. 
It is observed that control system complexity increases with 
flexibility. This of course, is to be expected; as the machine assumes 
more of the functions that were previously accomplished manually, it must 
become correspondingly intricate* In the nailing machine with its narrow 
range of address locations, control was accomplished with a relatively 
simple combination of relays* however, in the GE machine, each hole 
position must be accurately determined, thus necessitating additional con­
trol equipment* 
With respect to control systems, the Hillyer Automatic Locating 
and Drilling machine is similar to the GE Automatic Punch Press. Basic 
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control is through a console into which are set the drilling locations 
desired. Through the use of servo-feedback loops, the cutting head 
locates and drills the given position. Operator functions consist of 
clamping the work in place and then setting the appropriate controls on 
the console. As an alternative information storage and input medium, 
punched tape units are available so that a number of holes can be se­
quentially located and drilled without the need of an operator's direct 
attendance. Multi-piece production is achieved by re-running the tape 
through the input mechanism. 
All of the preceding control systems were those for performing 
operations at specific locations, or "discrete address" machines; the 
next classification is that of "Continuously Variable Address" control 
systems, or those that machine continuously along a set path, such as a 
lathe• 
CONTROL SXSTEm FOR PEBFQf&ENG OPERATIONS AT CONTINUOUSLT VARYING AD­
DRESSES, Automatic and semi-automatic versatile machines for accomplish­
ing operations along a continuously varying address have been in existence 
for over a century in the form of contour following mechanisms- Blanchard 
used one of the first in 1818 for the production of gunstocks; since that 
time the units have been refined considerable. Pantograph systems, a 
lineal ancestor of the present contour followers, are those in which 
there is a mechanical linkage between a model or templet and the cutting 
tool. Such machines usually rely on manual guidance over the templet, 
and are currently in wide use. This type control has been especially ap­
plied to milling machines which are also termed duplicators, die sinkers, 
t r a c e r c o n t r o l l e d a n d p r o f i l i n g m a c h i n e s . T h e d i e c u t t i n g o p e r a t i o n 
i s o n e t o w h i c h t h e s e c o n t r o l s y s t e m s h a v e b e e n w i d e l y a p p l i e d , w i t h 
m o s t a u t o m o b i l e b o d y d i e s b e i n g t h u s c u t . T h e d e s i r e d s h a p e , u s u a l l y 
l a r g e w i t h m a n y c o m p o u n d c u r v e s , i s p r o d u c e d i n s o m e e a s i l y m a c h i n e d 
m a t e r i a l , w i t h a m i l l i n g m a c h i n e u s i n g t h i s i n f o r m a t i o n f r o m t h e c o n t o u r 
t o m a c h i n e a n a p p r o p r i a t e h a r d m e t a l w i t h t h e i d e n t i c a l c o n t o u r s * 
T h e s e c o n t o u r f o l l o w i n g s y s t e m s h a v e b e e n a p p l i e d t o r o u t e r s , 
l a t h e s , m i l l i n g m a c h i n e s , s h a p e r s , p l a n e r s , b o r i n g m i l l s , a n d e v e n i n 
m u l t i p l e o x y a c e t y l e n e c u t t i n g * 
A s i s t h e c a s e w i t h a l l c o n t o u r f o l l o w i n g m a c h i n e s , t h e c o n t r o l 
i n f o r m a t i o n i s s t o r e d i n t h e t e m p l e t , a n d t h e r e m a i n d e r o f t h e c o n t r o l 
s y s t e m i s b u i l t t o i n s u r e t h a t t h e m a c h i n e a c c e p t s a n d c o r r e c t l y f o l l o w s 
t h i s i n f o r m a t i o n c o r r e c t l y . T h e t e m p l e t t h e n , i s a n e a s i l y f a b r i c a t e d 
a n d e a s i l y c h a n g e d v e h i c l e f o r s t o r i n g a n d i n t r o d u c i n g c o n t i n u o u s t o o l 
p o s i t i o n - i n f o r m a t i o n . 
N u m e r i c a l c o n t r o l i s a n e w e r a n d s o m e w h a t d i f f e r e n t m e a n s o f 
c o n t r o l l i n g a m a c h i n e . W h e r e a s t h e p o s i t i o n - i n f o r m a t i o n o f t h e t e m p l e t 
i s c o n t i n u o u s , n u m e r i c a l l y c o n t r o l l e d m a c h i n e s r e c e i v e t h e i r c o n t i n u o u s 
p o s i t i o n - i n f o r m a t i o n i n d i s c r e t e s t e p s ; h o w e v e r , t h e s t e p s a r e s u c h 
t h a t t h e y a r e l e s s t h a n t h e m a c h i n e a c c u r a c y a n d t h e r e f o r e , r e l a t i v e t o 
t h e m a c h i n e , a r e i n f i n i t e s i m a l s t e p s * T h e s e s t e p - n u m b e r s c a n b e s t o r e d 
i n a v a r i e t y o f m e d i a , s u c h a s p u n c h e d c a r d s , p u n c h e d t a p e , m a g n e t i c 
t a p e , e t c . , t h o u g h i n m a n y o f t h e r e c e n t d e v e l o p m e n t s , p u n c h e d t a p e h a s 
b e e n u s e d . S t a n d a r d t e l e t y p e t a p e h a s f i v e c h a n n e l s ( h o l e p o s i t i o n s ) 
a n d i s r a p i d l y b e c o m i n g t h e " s t a n d a r d " f o r c o n t r o l u s e s * T h e s e f i v e 
p o s i t i o n s ( l o c a t e d t r a n s v e r s e l y a c r o s s t h e t a p e ) c a n b e p u n c h e d o r n o t ; 
through appropriate combinations of holes and no holes, all the symbols 
of the alphabet, the numerals 0 through 9, and several other characters 
can be represented. In control uses, only the numerals and several 
special characters are used. 
This information can be used to step drive mechanisms or can be 
sent to digital-to-analog converters which transform the discrete number-
coded sequences to continuous representations. 
To probe deeper into this system of machine control, consider a 
machine table which is to be moved in two directions of one dimension 
and also started and stopped with numerical control. It is desired 
that movement be accurate within 0.01 inch; consequently the table can 
be moved in steps of 0.01 inch (omitting considerations of backlash, 
lag and other small causes for inaccuracies). Four states need be rep­
resented on the input medium, which shall be punched tape: move forward 
one step, move backward one step, start, and stop^". A two channel tape 
is needed to represent these four states. If the transverse hole posi­
tions are designated as 1 and 2, then the following commands can be 
arbitrarily assigned: 
Actually, only three commands need be represented if the "advance" 
and "return" commands are wired to start the system. Two channel tape 
would nevertheless be needed. 
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Position 1 Position 2 Command 
No hole No hole Stop 
Hole Hole Start 
Hole No hole Advance one step 
No hole Hole Return one step 
When the actuating mechanism received a move command, it could 
send this signal to either an "advance" or "return" digital-to-analog 
converter which would convert this pulse to a shaft rotation. The con­
verter shaft rotation could then be amplified through various means to 
cause a power drive to move the table one increment. 
Consequently, if it is desired to move the table forward six 
inches, the start command and 6 0 0 "advance one step" commands would be 
punched into the tape. If it is desired to return the table U*>8 inches, 
U80 "return one step commands" would be punched. 
There are two ramifications possible which are often utilized in 
actual control systems of this type. Instead of punching 6 0 0 indivi­
dual "advance one step" commands, an "advance" signal could be given, 
followed by a representation of the number 6 0 0 which would be inter­
preted by the machine to advance 6 0 0 units. The other addition is the 
incorporation of a feedback loop to check the actual position of the 
table against the command position. 
The above control system is the basis for the numerically con­
trolled milling machine constructed by the Servomechanisms Laboratory 
of the Massachusetts Institute of Technology. The system is capable 
of milling any shape in three dimensions. Instructions to the machine 
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are calculated from blueprints and coded onto punched tape. Once the 
machining instructions are on tape, the part may be duplicated repeti­
tively with no human intervention except that of loading and unloading 
workpieces. 
It has been stated (13) that numerical control is not strictly a 
metal working technique, it is a philosophy of control that is applicable 
to many processes such as textile manufacture, paper making, chemical 
processing, and the manufacture of electronic equipment. 
This not only is true of numerical control, it is believed, but 
generally so of all flexible-programmed machine control systems. Charac­
teristic of those considered are: one, a machine unit which is capable 
of performing a number of different operations; two, a control system 
which provides a means of selecting the desired operation; and three, 
input media which allows the storing of control information and a means 
for easily altering this information. 
This approach, it is suggested, may be of value when considering 
the automation of a process, i.e. the determination of the different 
operations that must be performed by a machine unit; an investigation 
as to how the control information can be effectively stored, in what 
form it can be introduced to a control system; and finally, an analysis 
of the various physical systems for processing the control information. 
The number of product variations is an important consideration; 
the more variations, the more operations a machine must be able to per­
form, or the more human versatility that must be introduced to the 
system in the form of manual operations to keep the control system 
feasible. However, it is believed, that for many products, there are 
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enough operations common to all models so that the remaining variations 
are such that will warrant consideration of a flexible-program instal­
lation* 
Inherent in a process investigation of this type will be the de­
termination of optimum man-machine control combinations* Most processes, 
it is hypothesized, are retaining more flexibility than is needed through 
emphasis of manual operations* 
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CHAPTER V 
THE USE OF COMPUTERS FOR PROCESS CONTROL 
The considerations of numerical control in the previous chapters 
have illustrated the use of computer components and concepts for control 
applications. Some sources have labeled computers the "key" to the auto­
matic factory (lb)# though more conservative ones suggest only a poten­
tial application. The computers referred to in these statements are 
the large scale, general purpose machines which have appeared and re­
ceived much publicity since World War II. 
Computers are broadly classified into analog and digital machines. 
The analog computer is a physical system which satisfies the mathematical 
laws of the problem variables. In effect, it simulates the problem in 
another physical system. The analog system can be electrical, optical, 
hydraulic, etc., or any other physical representation of the problem or 
system under study. Usually, however, the general purpose analog devices 
used in computation and simulation are in electronic and mechanical 
systems. 
Digital computers perform computations with discrete digits. 
Digital computers then deal with numbers in contrast to the analog de­
vices which operate on continuous variables. In their mathematical 
applications, addition is the basic function of the digital machine, and 
all other complex computation is described in a logic based on the con­
cept of addition. 
Computation, however, is the only significant application for 
« 
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which the devices have been used. Basically, a computer is an infor­
mation or data precessing device which accepts data in one form and 
delivers it in an altered form. This is also the requirement for an 
automatic control system; thus the projected use of computers is for 
overall control of a multitude of individual pilot controls. 
The applications for which computers are used have been enumerated 
by Harrison (15>) as follows: 
"l. First, there are those purely mathematical calculations 
which arise in engineering and physical sciences. These 
consist of the making of mathematical tables, evaluation 
of complex formulae ... 
"2. A second class of problems .*, is a group of statistical 
or counting problems. An example of this class is the 
tabulation of the 195>G population census by the Census 
Bureau. 
n3. Logistic applications are a third class of applications, 
A large scale digital computer is being considered for 
automatically monitoring a large military supply system 
involving over 300,000 different items, A computer is 
required to maintain a running inventory of all the items, 
to record stock issues and stock receipts, and to keep 
track of the location of each item in the supply line. 
In addition, the computer is made to prepare a forecast 
of future requirements for the various items based on a 
statistical analysis of their past rate of issue. 
"U. A fourth type of application is the pure commercial. 
Life insurance companies have taken the lead in apply­
ing large scale digital computers to their record-keeping 
and accounting operations. One study, made hy one of the 
largest life insurance companies, involved the processing 
of six million policies, 
"5. Finally there is the class of real time control appli­
cations. ... Studies are being made of large scale 
digital computers as a possible tool for aiding in the 
scheduling of aircraft traffic at an overcrowded air­
port. The computer can be made to keep a running record 
of all planes in the vicinity and, on the basis of this 
information, to schedule landings and take-offs and to 
issue flying instructions which accord with the current 
degree of congestion. This is a real time problem since 
the computer must keep pace with the actual phenomenon 
which it is studying. Another potential real time con­
trol application is the use of a computer to direct an 
automatic factory or oil refinery. The computer can 
examine pressures, temperatures, and other critical 
parameters which affect the process and, on the basis 
of such readings, control the process so that optimum 
output is achieved." 
These real time applications are the ones in which computers have 
a potential for industrial process control. The preceding comments of 
Harrison are primarily with reference to digital machines; analog com­
puters, while having an application in industrial control, do not have 
all the applications that have been stated above. Inasmuch as there are 
basic differences in the operation and applications of these two com­
puters, they shall be discussed separately in the remainder of this 
chapter. 
PROJECTED APPLICATIONS CF DIGITAL COMPUTERS 
In an automated process, theoretically at least, there will be 
several control functions: first, initial control information must be 
fed to the computer, and used to initiate the desired functions; second, 
information of one phase of the process may affect another phase, and 
must then be detected, processed and transformed into control information 
which will optimize the different phases; and third, information must be 
sensed from all phases to insure that the process is proceeding according 
to instructions, and if not, suitable corrective control, information 
must be generated from the available data, and fed back to the process 
to accomplish the desired actions. 
The flow processes are particularly sensitive to overall control 
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through the use of computers. One of the major controlling actions is 
the correlation of a number of individual controllers in accordance with 
an overall scheme. Jt computer can be programmed to yield control in­
formation for these controllers on the basis of sensed information; 
consequently, on the basis of combinations of a number of given events, 
the computer can determine a "logical11 and optimum action. However, the 
variables of the flow p r o c e s s e s are continuous; the variables as pro­
cessed by the digital computer are discrete units. Therefore it is 
necessary to transform the process variables to computer numbers through 
the use of analog-to-digital converters, and the computer "answers1* must 
again be transformed to continuous variables through digital-to-analog 
converters. Because of these necessary conversions, and the fact that 
a digital control system must be a sampled data system (i.e. it cannot 
continuously observe the variables but must observe, compute, yield and 
answer, and observe again), some experts have suggested that an analog 
computer would be of more value in process control. Consequently, the 
problem of flow process control will be considered more exhaustively in 
the next section concerning analog computers. 
Regarding the automatic control of fabricating operations, a 
computer would supposedly direct the actions of the process, as in the 
M.I.T. milling machine, correlate the phases of the process, and test 
each machine control system for errors and malfunctions, correcting the 
existing errors and counteracting the future possible errors. 
Fig. 7 shows the projected use of a digital computer in such an 
application; the control units at each step in the process are under 





C O M P U T E R 
Fig. 7 A projected use of digital computers for industrial process 
control. (Courtesy Scientific American, Vol. 187, Sept. 1952 p. 81 
After Ridenour) 
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trol information* In addition to direct in-process control, the com­
puter is shown to perform a finished product analysis* This has become 
known as "end-point control". With the automatic gages currently in use 
which can detect attribute quality information, it is conceivable that 
the computer could utilise this data to perform an automatic and con­
tinuously-applied form of statistical quality control to immediately 
correct in-process operations. Realization of end-point control is 
possibly nearer realization in the flow industries wherein sensing in­
struments such as infrared analyzers can make a complete analysis of 
finished product specifications* 
Ah Important attribute which makes the computer of particular 
value is the ability to modify its own instructions on the basis of dif­
ferent phenomena. This is the reason for the claimed decision-making 
ability of a computer* Instructions are represented as numbers, but 
when sent to the machine arithmetic section, such number-instructions 
can be manipulated mathematically* When these altered numbers are re­
turned to the computer control unit they are again interpreted as in-
structions* Command k6 for the ERA 1101 computer states : 
"If (A) is negative, take (y) as next instruction; if 
(A) is zero or positive, continue with the present 
sequence of instructions•" 
Consequently, the contents of address "y" can contain a different in­
struction than the next sequential one, thus permitting an alternative 
where "(A)" means "the contents of the accumulator," (a storage 
location) and
 niy)tt means "the contents of address "y" (also a storage 
location). 
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choice of action based on the positive-negative state of a number. This 
instruction is known as a "Sign Conditional Jump" and is representative 
of other conditional jumps which permit alternative courses of action, 
while the above illustration permits only one of two courses of action, 
such conditional jumps may be compounded to allow multiple choices on 
the basis of other conditions. Thus the computer has the power to dis­
criminate between two values and on the basis of such discrimination a 
course of action can be selected from several alternatives. For in­
stance, a program such as the following could be accomplished? If a 
number "A" is larger than a number "B", connect the controls of the unit 
producing the number "A" to a control pattern ONE. If "A" is less than 
a number "C", connect the unit producing "A" to a control pattern TWO. 
If "A" is equal to a value "D", adjust the variables of a unit "E" to 
coincide with those of unit "A". 
Conceivably, if, in a plant, there are enough operations of an 
automatic and versatile nature, whose variables need continuous scanning 
and adjustment, such an installation may be feasible. 
Cohen (16) in an investigation of the ERA 1103 computer concludes 
that this general purpose, large scale, computer possesses sufficient 
flexibility of communication and speed of operation to serve in real 
time applications of "respectable" complexity. Conn (17) in a quantitative 
analysis of the problem of real time control submits that rather than 
adapting a general purpose computer to special purpose control problems, 
special purpose computers should be designed for specific applications. 
Current use indicates that general purpose computers may be of more use 
in the administrative data processing function than in real time control 
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applications. The use of general purpose computers in industrial control 
would still require the use of a large number of analog-to-digital and 
digital-to-analog converters inasmuch as many of the industrial variables 
are continuously varying magnitudes rather than discrete indications* 
Therefore, the use of analog-digital hybrids, that is, special combi­
nations of analog and digital computers, is a potential form which they 
may assume in future applications. 
In review, it appears that the use of general purpose digital 
computers for industrial control applications is possible, but that 
special purpose hybrid computers may be more feasible* Inasmuch as the 
use of such computers presupposes a high degree of automaticity of the 
controlled operations, they are, therefore, of doubtful applicability to 
most medium-sized industrial organizations* 
PROJECTED APPLICATIONS OF ANALOG COMPUTERS 
As has been previously stated, an analog machine is a physical 
system designed in such a way that the variables of the system satisfy 
the same mathematical laws as do the variables of the problem to be solved. 
In effect, it is a simulator, a term which has been often applied to analog 
computers. Thus the analog computer can reproduce a given physical system 
in another representation; a flew process can be simulated electronically 
to give immediate indications of the result of any combination of variable 
deviations. Process simulation is one of two major control methods for 
2 
which analog computers applications have been projected • The other method 
Though only projected applications have been discussed in the pub­
lished literature, Bibbero ( 1 8 ) states, "Industrial control system sche­
matics now being drawn behind closed doors may mean that this year general-
purpose analog computers will be used as process controllers in at least 
two major plants.* 
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is that in which the computer acts as a centralized controller to re­
place the individual actions of a number of controllers. This latter 
method shall here be termed "Direct Process Control.• 
The application of large scale analog computers has been feasibly-
considered only for application in the flow processes. The material pre­
sented here, therefore, is mainly of projected flow process applications. 
& final section of this presentation discusses the feasibility of overall 
fabricating operation control with analog computers* 
Before proceeding further, it may be desirable to outline the pre­
vious and current methods of flow process control. The initial method of 
control was purely manual, in which an operator read indicators, compared 
actual measurements with desired values, and opened and closed valves, 
rheostats, etc., closing the feedback loop with human actions. By a 
knowledge of the process and skill, the operator provided anticipation 
or "lead" so as to make adjustments of process variables on the basis of 
occurrences which affected later stages of the process. By reference to 
recorders, the operator integrated the process variables sequentially so 
as to smooth out fluctuations of the variables under his control. 
Much of the operator's time was consumed in reading and recording 
values; this action has been facilitated by telemetering the variable 
values to a central location and incorporating "off-normal" annunciators 
and automatic data logging and scanning systems ( 1 9 ) . "Off-normal* sys­
tems present an indication to the operator only when variables exceed set 
limits. Another solution to the problem of effectively presenting masses 
of data from a complex system to a human operator is the graphic panel, 
which is a schematic of the controlled system drawn around the process 
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recorders and indicators. 
Thus, except for those unrepealed developments* the most advanced 
state of flow process control consists of the use of individual closed 
loop controllers! with operating data presented to a supervisor in the 
most digestible form through the use of data reduction systems and graphic 
control panels* 
THE USE OF AN AID G COMPUTERS FOR DIRECT PROCESS CONTROL* The majority of 
the individual controllers and regulators now widely used in the flow 
processes are actually small* special purpose analog machines* In the 
broadest sense* any essentially continuous transducer* as these control­
lers are, is an analog device* These units convert the measurement of a 
primary sensing element into an error signal, change it to an easily 
handled variable (usually pneumatic or electric), and transmit this signal 
to a power unit which controls the process through the movement of a valve 
or other device* The flyball governor, for instance, is an analog con­
troller; it senses variations in the rate of shaft rotation, converts this 
to linear movement, makes reference to a desired value, and actuates an 
input on the basis of the difference between the actual and desired values* 
In the present flow processes, these controllers constitute a large number 
of individual, expensive, controlling units* 
It has been projected that a general purpose analog computer re­
place the many individual controllers; this, it has been suggested, could 
be accomplished by connecting the sensing instruments and effector mech­
anisms to a analog computer to supply the necessary operating data and 
initiate corrective action on the basis of the computer operations* 
Concerning such a system, Bibbero (20) states: 
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" I t s o p e r a t i o n a l a m p l i f i e r s c a n p r o v i d e a l l t h e f u n c t i o n s 
o f t h e c o n t r o l l e r w i t h c o m p l e t e v e r s a t i l i t y a n d , n o d o u b t , 
b e t t e r a c c u r a c y . S i n c e t h e u s u a l a n a l o g u e c o m p u t e r p a c k a g e 
h a s a p p r o x i m a t e l y t w e n t y a m p l i f i e r s , a n d n o m o r e t h a n t h r e e 
t o s i x o f t h e s e a r e r e q u i r e d f o r a c o n t r o l l e r p r o b l e m , t h e 
c o m p u t e r m a y s u b s t i t u t e f o r f o u r t o s e v e n c o n v e n t i o n a l c o n ­
t r o l l e r s . " 
T h u s s u c h a c o m p u t e r a s B i b b e r o d e s c r i b e s c o u l d c o n t r o l f r o m f o u r 
t o s e v e n v a r i a b l e s s i m u l t a n e o u s l y i n r e a l t i m e ; h o w e v e r , i f s u c h a n a n a l o g 
c o m p u t e r w e r e u s e d o n a s a m p l i n g b a s i s , a l a r g e n u m b e r o f c o n t r o l l e r a c t ­
i o n s c o u l d b e p e r f o r m e d i n s e q u e n c e . T h e n u m b e r o f c o n t r o l l e r s w h i c h a 
c o m p u t e r c o u l d r e p l a c e o n a s a m p l i n g b a s i s w o u l d b e d i c t a t e d b y t h e l e n g t h 
o f t i m e b e t w e e n s a m p l e s t h a t t h e p r o c e s s c o u l d o p e r a t e u n c o n t r o l l e d . 
T h e r e f o r e t h e u s e o f a n a n a l o g c o m p u t e r i n p l a c e o f i n d i v i d u a l 
c o n t r o l l e r s f o r d i r e c t p r o c e s s c o n t r o l i s o n e p r o j e c t e d a p p l i c a t i o n . S u c h 
c o n t r o l i s a l s o p r o j e c t e d f o r u s e i n c o m b i n a t i o n w i t h i n d i r e c t c o n t r o l 
( t h r o u g h s i m u l a t i o n ) , a c o n s i d e r a t i o n o f w h i c h f o l l o w s . 
INDIRECT OVERALL PROCESS CONTROL THROUGH ANALOG SIMULATION. T h e p r e v i o u s 
e x a m p l e i s o n e o f r e a l t i m e c o n t r o l . T h e a n a l o g c o m p u t e r c a n a l s o s i m u l a t e 
a p r o c e s s a c t i o n i n " f a s t e r - t h a n - r e a l t i m e " , a n d t h u s r e p r o d u c e p r o c e s s 
a c t i o n s i n s e c o n d s o r i n i n u t e s t h a t i n a c t u a l i t y m a y t a k e h o u r s o r d a y s . 
T h i s s i m u l a t i o n o f a p r o c e s s i n r a p i d t i m e i s o n e t h a r b h a s y i e l d e d m a n y 
b e n e f i t s i n p r o c e s s a n a l y s i s , a p a r t f r o m t h e c o n t r o l f u n c t i o n * T h e 
q u a n t i t a t i v e a n a l y s i s o f a f l o w s y s t e m t o d e t e r m i n e t h e " f r e q u e n c y r e ­
s p o n s e " , a n d " t r a n s f e r f u n c t i o n " i s r e v e a l i n g t o t h o s e p o s s e s s i n g a d v a n c e d 
c o n t r o l k n o w l e d g e . E v e n t h e p u r e l y i t e r a t i v e a l t e r a t i o n o f v a r i a b l e s i n 
t h i s m a n n e r c a n b e o f v a l u e . T h i s a b i l i t y t o r e p r o d u c e a p r o c e s s i n a 
r e d u c e d t i m e s c a l e e l i m i n a t e s o r s h o r t e n s e q u i p m e n t d o w n - t i m e n e e d e d t o 
e s t a b l i s h p r o p e r i n i t i a l c o n t r o l l e r s e t t i n g s ; i t i s u s e f u l i n d e t e r m i n i n g 
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the feasibility of new control loops, or in studying the effects of new 
equipment or emergency conditions on the entire plant* These applications 
are possible because the computer can be programmed to simulate tiie action 
of various types of controller responses and the consequent effects on the 
process* 
For indirect process control, the computer is used to simulate a 
process in a reduced time scale and to automatically set the actual con­
troller set points at their optimum values on the basis of such simulation 
or series of simulations* Each controller set point would then be sub-
optimised: this is the same function as that of the operator who uses 
judgement and past experience to integrate the various set points to 
achieve optimal output. 
Fig. 8 illustrates this projection with several additional rami­
fications* The upper figure shows a block representation of existing 
manual supervisory control, (using individual closed loop controllers and 
manual set point adjustment). Characteristics of a given lot of raw 
material are analyzed, and on this basis, process set points are determined; 
likewise, while the material is in-process, variables are readjusted on the 
basis of current and preceding phenomenon to produce an optimum yield. 
Furthermore, the end product is analyzed to determine if the material 
characteristics are as desired, and if not, additional in-process adjust­
ments are made manually to correct this deviation. 
The lower figure is a functional representation of a process simu­
lator used in place of human supervisory control. Data of the variable 
magnitudes is automatically sensed from the raw material, in-process 
material, and finished products. This information is sent to a simulation 
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Fig. 8 A proposed use of analog computers for process control 
through simulation, (Courtesy Automatic Control, October 195u, 
Vol. 1, p. 10. After Eisele) 
62 
of the process which automatically determines the optimum set-points* 
Theoretically, the simulated set points are swept through a range of 
values, and as the set points are varied, the quality of the simulated 
end product will also vary. At some combination of set points, the pro­
duct will be optimal with respect to some idealised product. In an 
electrical analog, this optimal product will be represented by a voltage, 
which when maximised (or minimised, depending on the specific case) will 
freeze the instantaneous set points and transmit these settings to the 
real process effectors. 
In this illustration, in^process control is not accomplished by 
individual controllers, but directly through a section of the computer as 
was described in the preceding section. Consequently this is a combinat­
ion of direct and indirect control through simulation. 
A computer for such an application as this will probably require, 
in addition to a general purpose unit, special additions and adaptions. 
It is also conceivable that digital computer components would be used 
where intricate programming or decisive ability is a necessity. 
THE APPLICATION OF ANALOG COMPUTERS TO FABRICATING OPERATIONS. 
For individual machine control, there appears to be a potential 
application for special purpose analog computers for computational pur­
poses. They could be used for generating the harmonic rise for a cam, 
and involute gear teeth, as is suggested by Cunningham (21). The con­
ventional method of cutting cams involves step by step computation of 
points followed by compound machine adjustments with the continuous danger 
that the operator will make the adjustments in the wrong order. Cunning-
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ham states that this process could be simplified by the automatic analog 
computation of a desired curve, with servo actuation of the cutting 
machine controls* 
It does not appear feasible to centralise individual machine 
analog computations as is possible in direct flow process control, never­
theless, individual analog machine control is potentially of value* Over­
all fabricating process control with analog computers is not forseeable 
due to the discrete nature of overall control, but applications in con­
junction with digital units appear possible in the form of hybrid com­
puting-information machines. 
CHAPTER VI 
SUMMARY OF PRINCIPLES 
In the previous presentations, several facts relating to potential 
methods leading to automation in manufacturing processes have become ap­
parent. These facts are here generalized into suggested principles for 
reference during their application in the following chapter. 
To review briefly some of the major points discussed, functional 
product and process consideration was evolved in the chapter titled 
"Considerations of Methods and Equipment". The materials handling section 
revealed that the flow processes possessed one of the most efficient 
handling methods and it was suggested that these characteristics be 
adopted where possible. 
The chapter concerning automatic control has been fruitful in pro­
ducing several generalizations: the elimination of manual control is per­
haps the most basic, and this in conjunction with an analysis of present 
operator functions may be of benefit. 
Several of the principles have been inserted, not directly re­
lating to the previously presented material, but logically deduced from 
a general background knowledge of industrial automatic processes. 
PRODUCT CONSIDERATIONS 
1 . FUNCTIONAL PRODUCT ANALYSIS. Before analysis of the manu­
facturing process, the product should be functionally viewed 
to determine if there is an alternate product that can be 
produced in a simplified and automatic manner, but which 
still accomplishes the same function. 
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2 . FUNCTIONAL COMPONENT ANALYSIS. Examine the component materials 
of a product to determine the feasibility of substitution, and 
the effect such substitution will have on the manufacturing 
method* 
PROCESS CONSIDERATIONS 
3. PROCESSING MATERIAL IN CONTINUOUS FORM. Material in continuous 
form is more easily and automatically processed; consequently, 
as many operations as possible should be performed while mater­
ial is continuous* Conversely, material in discrete form re­
quires discrete feeding and unloading* Analyze the operations 
for the possibility of altering the sequence so as to perform 
them on initially continuous material* 
U. ARTIFICIAL CONTINUOUS AND SEMI-CONTINUOUS FORM. If material is 
received in discrete form, or must be in such form due to the 
nature of the process, investigate the possibility of placing 
it in continuous form, in effect, by using indexing workhold-
ing fixtures, magazines, or by physical attachment to con­
tinuous material. 
5. FLEXIBILITY OF TOOLING, when run changes are required, in­
vestigate the possibility of using equipment so tooled that it 
is capable of performing any of a number of operations when so 
directed by the control system* 
6* MINIMIZATION OF RUN DIFFERENCES* Minimize the run-to-run pro­
duct differences through modular coordination and standardization* 
7* SEGREGATION OF SIMILAR RUN OPERATIONS. Segregate those operations 
common to all runs and perform them on a continuous basis. 
8 . MECHANICAL FEEDING EQUIPMENT* when operator functions consist 
only of feeding and stock removal, utilize mechanical bulk 
feeding equipment and product-designed conveyors for movement of 
the part to the next operation. 
9* MACHINE COMPOUNDING* Where possible, group machinery around a 
central materials handling unit so as to form an in-line machine 
and to eliminate repetitive feeding and unloading* 
10* LIVE STORAGE OF MATERIAL* Store materials on conveyors or other 
nlive H materials handling equipment where possible* 
CONTROL CONSIDERATIONS 
11* MANUAL CONTROL ELIMINATION* Use automatic controls where pos­
sible to eliminate manual observations and adjustments* 
6 6 
12. ANALYSIS OF OPERATOR FUNCTIONS. Where an operator is per­
forming both physical movement of components and processing 
control information* these activities should be segregated; 
the means for automatically processing the control infor­
mation, and the means for accomplishing the physical actions 
should be analyzed separately. 
13. CONTROL FUNCTION INTERACTION. When the pure control infor­
mation has been identified, examine the interrelationships 
with other control functions of the process and determine if 
an overall control unit can be used or whether the control 
actions should be limited to that one operation. 
Iii. CONTROL OF FLEXIBLE TOOLING. Isolate the variables causing 
run changes (i.e. shape of cut material, length of units, 
etc.) and provide a control system to vary the operating in­
strument or cutting tool to adjust to the requirements for 
each run. Characteristics of such flexible installations 
are: (a) a machine capable of performing a number of dif­
ferent operations, (b) a control system which provides a 
means for selecting the desired operation, and (c) input 
media which allow the storing and alteration of control in­
formation* 
15* CENTRALIZED CONTROL* Transmission of control information 
to a 1 centralized point is of advantage when human inter­
pretation is required* 
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CHAPTER VII 
PROCESS OBSERVATIONS AND APPLICATION OF PRINCIPLES 
In accordance with the objectives stated in Chapter I, and using 
the knowledge gained from a review and analysis of the published litera­
ture, ten medium-sized Georgia manufacturing organizations have been vi­
sited and an attempt has been made to apply the suggested principles 
with benefit* A free reign of thought has prevailed in these suggestions 
in order to exercise the developed generalizations; the feasibility of 
the final results can, of course, be finally determined only in the light 
of economic evaluation* 
Regarding the mechanical details of the visits to the ten medium-
sized^, Georgia-owned, manufacturing plants, a policy-making management 
member was contacted where possible, so that management policies and 
quantitative data could be obtained. Initial contact was made by tele­
phone at which time the thesis objectives and requirements were out­
lined, and a date set for the visit. 
After introduction to the person visited, the nature of the study 
was explained in more detail, and familiarity with the concept of auto­
mation was queried indirectly* The executive was then asked to what 
degree his organization had considered automation and whether such con­
sideration approached actual technological evaluation, installation of 
Not rigidly defined. Production equipment investment varied from 
$ 3 0 , 0 0 0 in the smallest plant to $ 2 , 0 0 0 , 0 0 0 in the largest. 
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automated equipment or systems or a contact with the published technical 
literature. 
The executive was assured that the firm would not be mentioned by 
name, but only by a number designation, and that the following requested 
quantitative data would only be presented in the form of ratios: 
1 , Annual wholesale value of production. 
2 , Annual production labor payroll. 
3, Number of production labor personnel. 
k% Production equipment investment, 
From this information, the following ratios were computed to de­
termine their relationship to a potentiality to automate, 
1 » Production value : Equipment investment, 
2 . Equipment investment : Number of production personnel. 
3, Production value : Number of production personnel. 
U, Payroll : Equipment investment. 
The process was then observed after which a process description 
was written in smooth form. The observations for each plant are organ­
ised under the headings of "Process Observations", "Management Opinions", 
"Product Considerations", and "Process Considerations", 
PLANT ONE 
PROCESS OBSERVATIONS 
Plant One is a soft drink bottling plant, producing only one 
drink mixture in seven identical, but separate groups of machinery. 
There are no product variations and the process currently possesses a 
high degree of automaticity. 
Returned empty bottles are received at the plant in cases of 2k 
bottles and are unloaded manually in units of cases from trucks. Cases 
are either stored or placed on conveyors for immediate processing. The 
input conveyor moves cases to a bottle unloading station where they are 
unloaded 12 at a time with a manually operated jig to a positioning 
table. On the table, the bottles are mechanically aligned in rows of 
approximately 2$ from which point they are mechanically transported to a 
washing and sterilising machine on an upper level of the plant. In the 
washing machine, bottles are automatically spray washed with plain water 
to remove interior objects and immerses in five successive baths of high 
temperature mildly caustic solutions. Finally, bottles are washed with 
6 inside and k outside plain water rinses. 
Caustic solutions and temperatures of the washing tank baths are 
manually controlled; variations are reportedly slight but are period­
ically checked by supervisory personnel. 
From the washing machine, bottles are mechanically placed on 
powered product-designed conveyors for inspection and filling operations 
After manual inspection of bottles for cracked glass and effective re­
moval of foreign objects, the following operations are performed: syrup 
filling, carbonated water filling, and capping (crowning). 
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The syrup filling machine (known as the "syruper") is a con­
tinuously rotating circular table over which the filling mechanisms are 
mounted. Bottles received from the washing machine are secured around 
the perifery with fixtures, and are filled during their circuit of the 
machine. 
Syrup for this machine is received in drums and is placed in tanks 
on the floor above the filling machinery. Syrup is then gravity fed to 
a measuring container mounted on the machine. The measuring unit con­
sists of a cup which dips vertically into the syrup, and after flooding, 
rises so that no more may enter; simultaneously, a valve is mechanically 
opened to allow the syrup to flow out into the bottle. After filling 
and completion of the circuit of the machine, the bottle is shifted by a 
mechanical transfer device to a carbonated water filling machine known 
as a "carbonator". 
The carbonator, which injects a mixture of carbon dioxide and 
water, is essentially the same as the syruper except that the filling 
cycle is longer and the circumference of the machine is larger in order 
to accomodate the output of the faster operating syruper. As before, 
bottles are rotated on the circumference of the machine, but are filled 
through a pressure-tight seal so that the carbon dioxide-water mixture 
will not effervesce. Fluid input to the carbonator is refiltered city 
water, cooled to 3 2 ° F. and mixed with the carbon dioxide in another unit. 
Volume of carbonated water filled to the bottle is controlled by utiliz­
ing the Boyle pressure-volume-temperature relationship. A reference 
pressure is set in the control mechanism for existing temperatures to 
control the volume; the filled bottle pressure and reference pressure 
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are then compared in a closed loop system to achieve the desired bottle 
volume. A third order control loop is closed through manual setting of 
the pressure set-point as dictated hy the temperature. Temperature and 
carbonation are manually checked in 30 minute periods to reset the re­
ference pressure, if necessary. Carbonation pressure is a function of 
CO^ content and requires infrequent manual adjustment in a separate 
carbonation unit. 
From the carbonator, filled bottles are mechanically transferred 
to a capping unit (crowner) which automatically positions a cap and 
crimps it in place to form an air tight seal. Incoming caps are placed 
into a three foot diameter receptical, unoriented and in quantity, in an 
upper level of the plant. Caps are mechanically oriented and gravity 
fed through an enclosed channel conveyor to final positioning mechanisms 
mounted on the crowner, where they are attached to the bottle. In the 
event that a bottle is ejected from the machine uncapped, a pawl will 
inject into the bottle mouth which actuates a limit switch to stop the 
syruper-carbonator-crowner machine group. 
Following ejection from the crowner, the bottles are conveyed to 
a mixer. The mixer consists of a mechanism which inverts and rapidly 
rotates the bottle, mixing the carbonated water with the syrup; bottles 
are then reloaded to the product-designed conveyor leading to a photo­
electric inspection device. 
The photoelectric inspection unit is also constructed so that 
bottles ride on the periphery of a rotating table. During the machine 
cycle, the bottles are spun and then abruptly stopped, allowing the 
fluid contents to remain in motion; solid impurities in the bottled 
mixture interrupt a light beam and cause the photoemissive cell to 
actuate a memory device which ejects the bottle from the conveyor after 
it has left the machine* 
After inspection, bottles are fed to a mechanical positioning 
unit which aligns them in a four by six pattern for mechanical loading 
to 2k bottle cases* Cases are fed from the lower plant level, either 
from the unloading operation, or from stock* From the empty bottle un­
loading operation, cases are mechanically inverted to remove trash, re­
turned to the upright position, and mechanically conveyed and positioned 
to receive the pre-positioned 2lt bottle group from the case-loading 
machine* 
After loading, the cases are conveyed either to a truck loading 
area for manual loading, or are palletised for storage* 
MANAGEMENT OPINIONS 
Ah executive of Plant One stated that his organisation performed 
a continual technical evaluation of the process for determination of 
potentially advantageous installations* He also stated that the company 
would adopt without hesitation equipment or devices which would perform 
with the same or better accuracy than the current personnel* 
The executive further stated that his product had not experienced 
a price increase due to increased labor or material costs, primarily due 
to better processing methods, and therefore a liberal attitude was ex­
pressed concerning possible process improvement through increased auto-
maticity* 
An opinion was also expressed that automation would not cause a 
serious labor disruption* 
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PRODUCT CONSIDERATIONS 
Functionally, the product of Plant One is a non-alcoholic 
beverage, sold in returnable glass containers. As is the case with most 
bottled beverages, the sales appeal of the product is a combination of 
the drink taste, and the recognition value of the bottle. Functionally, 
the product is designed for "refreshment", and the sales appeal of the 
item is created through advertising of the particular trade name. Con­
sequently, a change in either of the two factors of taste or container 
form would be a disadvantage. 
One possible consideration is the alteration of the containers to 
non-returnable bottles, however, such would not eliminate the need for 
washing incoming bottles. The company has experimented with larger con­
tainers so as to provide more product per container, and consequently 
less discrete handling per volume of product manufactured. While this 
does not particularly facilitate the automaticity of the process, it does 
allow for sales and handling of the unit in larger unit loads. 
A functional product change is n o t considered w a r r a n t e d . 
PROCESS CONSIDERATIONS 
The process currently makes use of the principle of processing 
material in continuous form, though there may be an opportunity for ad­
ditional application which will be investigated. The principle of arti­
ficial continuous processing is currently used in the operations on dis­
crete bottles. This of course, is facilitated by continuous run operation. 
The raw materials of Plant One are empty bottles, bottle caps, and 
fluids, and therefore the materials are initially in both continuous and 
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proportions. Agitation could be accomplished either mechanic ally in the 
tank or through fluid flow over irregular surfaces. 
The current operator functions consist of regulating certain pro­
cess variables, manual inspection of bottles, physical unloading of cases 
from trucks, unloading bottles from cases, and maintenance. 
Concerning manual variable control, the major operation-controlled 
variables are those of caustic concentration in the washer, pressure set-
point for the carbonator, and several non-critical adjustments. The car­
bonator set-point could be automatically controlled by a unit which would 
adjust the set-point on the basis of temperature. Since the ultimate 
objective of this unit is to control the fluid level in the bottle, an 
alternative solution is the use of a photoelectric cell (or cells) in 
conjunction with the present system which would indicate when the fluid 
level was off-normal, possibly at a centralized control area. Thus in­
stead of periodic checks on the controller set-point, the adjustment 
need only be made when an off-normal indication is presented. 
The centralized control principle may be useful inasmuch as the 
variables are relatively stable and require infrequent adjustment. With 
centralized control and off-normal indications, control loops could be 
left open with manual variable correction on demand. One operator could 
thus control all the variables of the seven processes. 
The operator function of bottle inspection is specifically to re­
move those bottles emerging from the washer which are chipped or are old 
and defaced. A secondary function is that of detecting and removing 
bottles with remaining impurities, though an automatic photoelectric in­
spection unit also checks the bottles for impurities after filling. The 
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basic function, however, is that of visually determining the acceptability 
of the bottle. Basic bottle inspection could possibly be accomplished 
automatically through the use of photoelectric cells to determine the 
concentration of scratches as a function of the amount of light trans­
mitted through, or refracted from, the empty bottles. Feeler pins could 
detect whether a bottle was chipped at the mouth or base. Management 
desires a positive check on this activity and considers manual inspection 
necessary; however, it is possible to pass only "perfectM bottles with 
automatic inspection units with manual inspection of those rejected. 
.Another major operator function is unloading empty bottles from 
incoming cases. Analysis of the operator function indicates that it re­
quires limited control activity and is primarily a repetitive mechanical 
operation* One solution is the use of air suction cups to remove the 
bottles from the case* A bar could be placed across the input conveyor 
such that it would contact the upright bottles and stop the case* Through 
the use of a pressure switch on the bar, a limit switch, or a photoelec­
tric cell, a 2k cup suction mechanism could be actuated which would con­
tact and lift bottles from the case to the automatic washing machine 
table (from which bottles are currently automatically positioned to the 
washer)* After the bottles have been lifted, the stopping bar would no 
longer contact them or impede the empty case which could then proceed to 
the automatic cleaning operation* 
The possibility also exists of physically inverting the case, al­
lowing the bottles to enter individual conveyors, or to drop to a cush­
ioning element with automatic orientation and positioning to the washer 
conveyor* It is further possible to alter the washer input conveyor to 
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utilise the case bottle-pattern, possibly in conjunction with the suction 
mechanism mentioned above* 
Regarding materials handling, the principle of storage on live 
materials handling equipment suggests the storage of unpalletised cases 
on roller conveyors* Live storage presently exists in some areas but is 
primarily for movement with short storage period. Such a conveyor system, 
built much like a railroad distribution yard, could eliminate a n manual 
operations for the warehousing activity and could be coupled with auto­
matic truck loading discussed below* Such a conveyor could be built in 
three dimensions, using "air-rights", and the control system could auto­
matically designate the storage location for recently finished stock, 
and specify which conveyor would furnish cases for truck loading; a con­
trol system similar to the DTSAC installation discussed in Chapter IV is 
visualised* In addition, and as a secondary benefit, the control system 
could automatically count incoming and outgoing cases and thus maintain 
inventory figures; correct current stock-on-hand would be available at 
any instant* 
Manual loading and unloading of trucks is also vulnerable to im­
provement even with traditional materials handling techniques* Improved 
methods at this activity would not only provide for a cost reduction in 
handling, but would allow faster "turn-around" time for the trucks en­
abling them to deliver more products and allowing a reduction in the 
truck fleet. The trucks now used are of a special body design so that 
cases lie on five levels of the truck body. An alternate body design is 
suggested to accommodate either palletised loads or one which could be 
used in conjunction with the cases stored on conveyors. 
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If roller conveyors were built into the truck levels, transverse 
to the length of the truck, then cases could be loaded directly from 
storage conveyors through an opening in the rear of the truck. A flex­
ible conveyor switching and distribution section could be positioned to 
each of the openings to allow the cases to be automatically loaded from 
the storage conveyor to the truck. If the truck were longitudinally 
tilted so that the rear wheels were higher than the front, the cases 
could roll in by gravity. This same system is also applicable to un­
loading operations. After the loading openings in the rear of the truck 
were closed, cases could not roll out though provision would have to be 
made to preclude the longitudinal movement of cases in partially empty 
levels. A locking device for the built-in roller conveyors would obviate 
this movement. 
In the observations and analysis of Plant One, it has been found 
that in addition to the product considerations, the following principles 
are currently used: 
Processing of Continuous Form Material 
Artificial Continuous and Semi-Continuous Processing 
Intermachine Transfer 
Mechanical Feeding Equipment 
The following principles have a direct potential application: 
Mechanical Feeding Equipment 
Processing of Continuous Form Material 
Live Storage of Material 
Analysis of Operator Functions 
Control Function Interaction 
Centralized Control 
* 
The four operating ratios have been computed: 
1 . Production value : Equipment investment 6.51 
2. Annual payroll : Equipment investment 0.36 
3* Equipment investment : No. production personnel $ 6,221 
lw Production value : No. production personnel $1*0,502 
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P L A N T T W O 
T h e o p e r a t i o n s o f P l a n t T w o a r e d i v i d e d i n t o t w o d i v i s i o n s ( t h e 
C o r r u g a t e d a n d F o l d i n g B o x D i v i s i o n s ) , E a c h o f t h e s e w i l l b e c o n s i d e r e d 
s e p a r a t e l y . 
P R O C E S S O B S E R V A T I O N S 
C O R R U G A T E D D I V I S I O N , T h e C o r r u g a t e d D i v i s i o n o f P l a n t T w o m a n u ­
f a c t u r e s c o r r u g a t e d c o n t a i n e r s f r o m K r a f t p a p e r . P a p e r i s r e c e i v e d b y 
t h e p l a n t i n r o l l s b y r a i l a n d t r u c k . R o l l s a r e m a n u a l l y u n l o a d e d f r o m 
t h e i n c o m i n g c a r r i e r , m a r k e d , i n v e n t o r y p a p e r s a t t a c h e d , a n d a r e t h e n 
t r a n s p o r t e d b y a b r i d g e c r a n e t o a r e c e s s e d - p i t s t o r a g e a r e a . R a t e o f 
f l o w t h r o u g h s t o r a g e i s a p p r o x i m a t e l y 1 7 5 t o n s p e r d a y . 
P a p e r f o r p r o c e s s i n g i s s e l e c t e d f r o m t h e s t o r a g e p i t i n a c c o r ­
d a n c e w i t h r u n r e q u i r e m e n t s a n d p l a c e d b y t h e b r i d g e c r a n e o n a f l o o r 
l e v e l , r e c e s s e d r o l l e r c o n v e y o r f o r m o v e m e n t t o c o r r u g a t i n g m a c h i n e r y . 
T h e r e a r e t w o c o r r u g a t i n g m a c h i n e s u s e d t o c o n v e r t t h e K r a f t s t o c k t o 
c o r r u g a t e d l a m i n a t e . T h r e e r o l l s o f p a p e r a r e s i m u l t a n e o u s f e d i n t o t h e 
m a c h i n e t o f o r m t h e t w o o u t e r l a y e r s a n d t h e c o r r u g a t e d c e n t e r s e c t i o n . 
T h e c e n t e r s e c t i o n i s f i r s t i m p r e s s e d b y a c o r r u g a t i n g r o l l e r a f t e r w h i c h 
t h e t w o o u t e r l a y e r s a r e s u c c e s s i v e l y g l u e d t o t h e c e n t e r s e c t i o n . I f 
d e s i r e d , t h e b o a r d c a n b e c r e a s e d ( i n o n e d i r e c t i o n ) f o r l a t e r f o l d i n g 
o p e r a t i o n s . T h e f i n a l s t e p i n t h e c o r r u g a t i n g m a c h i n e i s t h a t o f t r i m ­
m i n g t h e e d g e s t o s i z e a n d c u t t i n g t h e b o a r d t o s p e c i f i e d l e n g t h s . 
T h e o u t p u t o f t h e s e m a c h i n e s i s p l a c e d o n f o u r w h e e l e d d o l l i e s 
a n d t r a n s p o r t e d t o a s t o r a g e b a n k t o a w a i t f u r t h e r o p e r a t i o n s . 
T h e c o r r u g a t o r i s a t t e n d e d b y o p e r a t o r s w h o l o a d , a d j u s t a n d u n -
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load the machine. Glue is prepared in a central location and piped to 
both machines. 
Following the in-process storage of corrugated sheets is a bank 
of machining operations for creasing, printing, slotting and folding the 
sheets. The machines performing these functions vary in degrees of auto­
maticity and a ge, but all draw from the bank of materials produced by the 
corrugator, and are listed below. 
Greasing machines further crease the corrugated board, usually at 
right angles to the creases performed on the corrugator. Cutting devices 
are integral with this type machine for cutting to final size and shape. 
The machines are manually fed and unloaded. 
A partitioned is used for cutting and slotting partitions for cor­
rugated boxes and is also manually fed and unloaded. 
Another machine used- in this series of operations is a platen die 
press which is used for cutting box blanks to final shape. It consists 
of male and female dies and is hand fed with automatic ejection to a 
manual wrapping operation. 
A paraffin machine has been made by the company for applying wax 
to corrugated cartons and is also manually fed and unloaded, 
A printer-slotter is a combination rotary printing and cutting 
machine (this unit is also hand fed). 
The folder-taper machines are the final type used. These machines 
fold boxes to final shape and apply tape to the necessary surfaces which 
close the open edges. Some of the older machines only tape the boxes, 
with manual folding before insertion, while several of the newer machines 
automatically fold and tape, though still requiring manual loading and 
81 
unloading. 
Products which are completed in these operations are manually tied 
in bundles and palletized for shipment. Other products scheduled for ad­
ditional operations are s ent to another storage bank. 
Following this second storage bank are several types of stitching 
machines which vary in capacity and automaticity in proportion to their 
age. In the older machines, individual boxes are manually fed in the 
folded position and are stitched with wire staples with the stapling 
mechanism actuated by the operator. The boxes are automatically ejected. 
The newer machines, however, when loaded with a stack of con­
tainers, will automatically feed, fold, stitch, and eject. However, 
these machines are limited to the smaller box sizes. 
An intermediate automatic machine is in use for the larger boxes 
which, though manually fed, will automatically start and stop stitching 
by the use of limit switches. 
Thus the boxes are fabricated from Kraft paper; the corrugated 
board is processed, cut to size, printed, creased, glued, and/or stitched, 
and palletized for shipment. These operations conclude the Corrugated 
Division processes. 
FOLDING BOX DIVISION. The products of the Folding Box Division are 
various types of non-corrugated folding boxes, and bottle and can carriers. 
These carriers are made to customer's specifications, but usually are of 
the six-bottle size. 
Raw material is received in two forms for the process; flat paper 
stock, which arrives on skids and is used mainly for folding boxes, and 
roll stock which is used for the bottle carriers. 
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Stock is unloaded from trucks or rail cars by fork trucks. Flat 
stock is stored inside a warehouse area adjacent to the manufacturing 
area: roll stock is usually stored in the open, and is brought to the 
process as needed by fork trucks. 
For some multi-colored products, a primer coat of an ink-like 
material is placed on entire paper rolls, prior to their introduction to 
the process proper. 
The roll stock is routed to either a "Kidder Flexographic Press" 
or a "Mercury Printer-Cutter". Both machines are similar in operation 
in that they are fed by rolls of Kraft paper and perform a series of 
multi-color printing operations. The Mercury Printer-Cutter can also 
apply a final plastic coat to the paper to achieve a quality finish and 
can cut and strip the products of waste material. 
The machines are continuously fed and rolls can be "cut-into" the 
operation without stopping the machine. This is accomplished by creat­
ing a bank of unprocessed paper, from which the machine draws until a 
new roll of paper is spliced into the end of the used roll. Multicolor 
printing with each color correctly positioned is regulated by a closed 
loop control which regulates the speed of the printing rolls, A photo­
electric cell is actuated by register marks which the printing action 
produces* If the register marks are not in the correction position, this 
information is fed back to a controller which adjusts the printing roller. 
The platen cutter used in the Mercury machine is also similarly actuated. 
Printing is accomplished by a rotary drum with rubber negative im­
pressions. Cutting is performed by a platen die cutting press. 
Both machines are highly automatic with the operator functions 
consisting of loading rolls of paper, and unloading cut and printed 
cartons, when running in adjustment* Machines must be set-up for run 
changes* The major alterations for such run changes are changes of the 
printing rollers, ink colors, cutting patterns, and adjustment of the 
photoelectric registration control* The major variable during operation 
is the synchronisation of the various printed colors and the cutting 
action* Spoilage results when one of the colors is in the incorrect 
position, or if the material is cut out of position* From this point in 
the process, the products are routed to folding and gluing machines 
which will be discussed shortly. 
In addition to the rotary presses described above, the company has 
a number of Miehle platen printing presses in varying sises* These 
presses print in multicolors from sheets of flat stock and are usually 
used for relatively short-run folding boxes* Some of the larger presses 
have automatic feeding mechanisms, but the smaller ones require an operator 
for feeding* In addition, a skilled operator must be readily available 
for all presses to insure their correct functioning. The products of 
these machines are multicolored printed sheets which must be routed to 
Miehle Cutters for platen cutting. After cutting, the box or carton forms 
are manually stripped of small bits of paper which the machine is unable 
to remove. Mechanical equipment for this operation is available but is 
considered not warranted by management due to the cutting machine age, and 
expected future replacement. 
The Miehle machines have excessive set-up times and are old, one 
having been manufactured in the late 1800 1 3 . 
Most of the products of these printing and cutting operations are 
placed in in-process storage to await further operations though oc­
casionally they require no further operations and are shipped. Follow­
ing a hank of in-process storage material is a bank of folding, gluing, 
and window attaching machines* 
The four "right-angle" folding and gluing machines used incor­
porate a transfer unit so that folding and gluing can be accomplished in 
two directions; straight line gluers are also used, but can only fold and 
glue in one direction* Semi-automatic feeding mechanisms are employed, 
but operators are needed to insure correct operation and to feed stacks 
of material* Also, additional operators must be available to clear the 
frequent jams in the complex mechanisms of the machine* In addition to 
the complex-fold machines is a window machine which operates similarly to 
the gluing machines* but attaches cellophane windows to boxes so that the 
contents will be visible* Outputs of the machines are usually finished 
products and are 100 per cent inspected and manually boxed* The cartons 
of various finished products are conveyed to an operation in which the 
container openings are secured by a manually operated wire stitching 
machine* After closure, the boxes are manually separated and palletised* 
After palletisation, the pallet loads are marked for inventory control and 
are either stored temporarily for shipment, or are sent to an adjacent 
warehouse for stock* 
The major operator functions in this last bank of machines, other 
than set-up changes, are feeding materials, clearing machine jams, in­
spection, packaging and palletising* 
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MANAGEMENT OPINIONS 
A management representative of Plant Two stated that while little 
had been done in their industry in regard to automation, he felt that it 
was particularly susceptible. Management stated that they had made a 
technical evaluation and realised that a major criterion was a volume 
which would justify investment in automated equipment. One drawback to 
the potential automation of the process, it was stated, is the complexi­
ty of set-ups, and the time necessary to accomplish a run change. 
It was further stated that the industry was relatively new, and 
that machine producers were slow to make changes and creative designs 
and that no overall thought had apparently been given to automation from 
that source. It was felt that too many gadgets had been and were being 
added to equipment in deference to an overall attack. 
Generally, management felt that the major deterrents to automation 
were their volume and job-lot characteristics, and that as soon as the 
regional economy permitted higher volume, automatic methods would become 
feasible. Retention of flexibility was considered vital due to nature 
of their client's demands. 
Management did not feel that automation would cause sociological 
disruptions. 
It was also reported that the plant was in the process of shift­
ing from older machinery to higher-volume and more efficient equipment 
in accordance with a long term plan. It was further revealed that Plant 
Two maintained its own machine design department and had developed auto­
matic' packaging equipment for use by the firm's clients, in conjunction 
with the company's products. 
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P R O D U C T C O N S I D E R A T I O N S 
G E N E R A L . T h e p r o d u c t f u n c t i o n o f b o t h d i v i s i o n s o f P l a n t T w o i s t h a t o f 
f u r n i s h i n g a c o n t a i n e r f o r o t h e r i t e m s , t h o u g h o f t e n t h e s e c o n t a i n e r s 
s e r v e a s a p r o t e c t i n g e n c l o s u r e . T h e s p e c i f i c n a t u r e o f t h e c o n t a i n e r s 
o f t h e t w o d i v i s i o n s w i l l b e c o n s i d e r e d s e p a r a t e l y b e l o w . 
C O R R U G A T E D D I V I S I O N P R O D U C T C O N S I D E R A T I O N S • T h e c o n t a i n e r s m a n u f a c t u r e d 
b y t h e c o r r u g a t e d d i v i s i o n a r e u s e d i n a p p l i c a t i o n s w h i c h p l a c e v a r y i n g 
d e g r e e s o f e m p h a s i s o n t h e c o n t a i n i n g a n d p r o t e c t i n g f u n c t i o n s . 
C o n c e r n i n g t h e u n i t i z i n g o r c o n t a i n i n g f u n c t i o n , c o r r u g a t e d b o x e s 
a r e u s e d t o r e a l i z e t h e a d v a n t a g e s o f u n i t h a n d l i n g . T h e r e a r e o t h e r 
m e t h o d s o f a c h i e v i n g t h i s f u n c t i o n s u c h a s t h e u s e o f p r e s s u r e s e n s i t i v e 
t a p e , w i r e s t r a p p i n g , t i e i n g , o r t h e u s e o f a l a r g e r p r i m a r y c o n t a i n e r 
w h e n t h e c o r r u g a t e d b o x s e r v e s o n l y t o c o n t a i n o t h e r c o n t a i n e r s . T h e s e 
p o s s i b l e s o l u t i o n s a r e o f a d v a n t a g e o n l y t o t h e c o n s u m e r s a n d n o t P l a n t 
T w o w h i c h m u s t m a i n t a i n i t s m a r k e t . A n o t h e r p o s s i b i l i t y e x i s t s i n f a b r i ­
c a t i n g t h e e x i s t i n g c o n t a i n e r s f r o m a m a t e r i a l o t h e r t h a n c o r r u g a t e d 
b o a r d . A l o w - p r i c e d c l o t h c o n t a i n e r , h e l d r i g i d w i t h a w i r e f r a m e w o r k 
m a y p r o v e a d v a n t a g e o u s a s w o u l d t h e u s e o f n o n - c o r r u g a t e d h e a v y K r a f t 
p a p e r . T r i a n g u l a r o r p e n t a g o n a l b a s e K r a f t c o n t a i n e r s m a y p r o v e a d a p t ­
a b l e t o a u t o m a t i c m a n u f a c t u r e w h i l e s t i l l r e t a i n i n g t h e r e q u i r e m e n t s o f 
r i g i d i t y b y v i r t u r e o f t h e i r s h a p e . 
T h e p r o t e c t i n g f u n c t i o n e n t a i l s s e p a r a t i n g t h e i t e m t o b e p r o t e c t e d 
f r o m o t h e r i t e m s w h i c h m a y d a m a g e i t . O n e p o t e n t i a l m e t h o d o f a c c o m p l i s h ­
i n g t h i s i s t h e i n c o r p o r a t i o n o f b e a r i n g p o i n t s o n t h e p r o d u c t t o b e 
s h i p p e d . 
I f i t i s r e q u i r e d t h a t c o r r u g a t e d b o a r d b e u s e d , a n a n a l y s i s o f 
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i t s f u n c t i o n a l p r o p e r t i e s m a y b e o f v a l u e . C o r r u g a t e d b o a r d i s p r i m a ­
r i l y a s t r u c t u r a l c o n f i g u r a t i o n . I n o r d e r t o a c h i e v e t h i s s t r u c t u r e 
a n d c o n s i d e r i n g t h e p r i m a r y o p e r a t i o n s i n p a p e r m a n u f a c t u r e , t h e p o s ­
s i b i l i t y o f e x t r u d i n g p u l p i n t o t h e d e s i r e d s t r u c t u r e i s s u g g e s t e d . T h i s 
p o s s i b i l i t y w i l l b e d i s c u s s e d f u r t h e r i n t h e P r o c e s s C o n s i d e r a t i o n s , 
F O L D I N G B O X D I V I S I O N P R O D U C T C O N S I D E R A T I O N S , T h e f o l d i n g b o x d i v i s i o n 
m a n u f a c t u r e s b o t t l e a n d c a n c a r r i e r s a n d v a r i o u s t y p e s o f f o l d i n g b o x e s 
a c c o r d i n g t o c u s t o m e r s ' s p e c i f i c a t i o n s . A g a i n , t h e f u n c t i o n s o f t h e 
p r o d u c t s c a n b e e i t h e r p r o t e c t i n g o r c o n t a i n i n g , o r b o t h . T h e b o t t l e 
c a r r i e r s a r e p r i m a r i l y c o n t a i n e r s f o r c o n s u m e r t r a n s p o r t a t i o n , w h i l e t h e 
f o l d i n g b o x e s , e s p e c i a l l y w h e n u s e d t o c o n t a i n t e x t i l e s a r e p r i m a r i l y 
for product protections. 
I n t h e c a s e o f b o t t l e a n d c a n c a r r i e r s , t h e d e s i r e d f u n c t i o n i s 
t o p r o v i d e a n e a s i l y h a n d l e d u n i t l o a d , w h i c h a c o n s u m e r w i l l f i n d c o n ­
v e n i e n t . I n t h e c a s e o f c a n s , t h i s m a y b e a c c o m p l i s h e d b y a n e a s i l y 
b r o k e n m e t a l s e a l b e t w e e n t h e l i p s o f t h e c a n s , w i t h a d d i t i o n a l c l a m p s 
a t t h e e x t r e m e c a n s t o a c c o m o d a t e a h a n d l e , A c o r d o r r o p e l a t t i c e m a y 
b e a n o t h e r p o s s i b l e s o l u t i o n a s w o u l d a c l o t h c o n t a i n e r . D u e t o t h e r e ­
l a t i v e i n e x p e n s i v e c o s t o f p a p e r , t h e s e a l t e r n a t i v e s m a y n o t b e e c o n o m i ­
c a l l y f e a s i b l e , t h o u g h t e c h n o l o g i c a l l y s o . 
P R O C E S S C O N S I D E R A T I O N S 
C O R R U G A T E D D I V I S I O N , T h e f u n c t i o n o f t h e C o r r u g a t e d D i v i s i o n i s t o 
f a b r i c a t e s h i p p i n g c o n t a i n e r s , a n d a s t h e p r o c e s s n o w e x i s t s , t o f a b r i c a t e 
t h e m f r o m c o r r u g a t e d b o a r d . A m a j o r d i f f e r e n c e b e t w e e n t h e p r o c e s s e s o f 
P l a n t s O n e a n d T w o i s t h a t f l e x i b i l i t y m u s t b e r e t a i n e d t o a l l o w P l a n t T w o 
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t o m a n u f a c t u r e i n j o b l o t s t o c u s t o m e r s p e c i f i c a t i o n s . 
C o n s i d e r i n g a b a s i c a l t e r a t i o n i n t h e m a n u f a c t u r i n g m e t h o d b y -
e x t r u d i n g p a p e r p u l p t o f o r m c o r r u g a t e d b o a r d , i t i s e n v i s i o n e d t h a t 
p a p e r p u l p w o u l d b e f e d f r o m a t a n k , t r a n s f o r m e d i n t o a s e m i - s o l i d s t a t e , 
e x t r u d e d u n d e r p r e s s u r e t h r o u g h a n a p p r o p r i a t e g a t e , a n d r a p i d l y d r i e d . 
W h i l e t h i s p r o c e s s h a s b e e n s u g g e s t e d t h r o u g h f u n c t i o n a l p r o d u c t 
c o n s i d e r a t i o n s , i t i s n o t e d t h a t i t i s a l s o i n a c c o r d w i t h t h e p r i n c i p l e 
o f p r o c e s s i n g m a t e r i a l i n c o n t i n u o u s f o r m . T h e r a w m a t e r i a l f o r t h i s 
p r o c e s s i s p a p e r p u l p w h i c h i s e a s i l y h a n d l e d i n f l u i d f o r m a n d c a n b e 
s t o r e d i n t a n k s o r v a t s , a n d m o s t v a r i a b l e s o f t h e p r o c e s s w o u l d b e t h o s e 
c h a r a c t e r i s t i c o f t h e f l o w p r o c e s s e s a n d w o u l d b e a d a p t a b l e t o a u t o m a t i c 
c o n t r o l . F u r t h e r m o r e , t h e c o m p l e x m e c h a n i c a l e q u i p m e n t o f t h e o l d c o r ­
r u g a t i n g m e t h o d w o u l d b e e l i m i n a t e d a s w o u l d t h e n e e d f o r h a n d l i n g o f 
p a p e r r o l l s t o c k . 
T h i c k n e s s o f t h e p r o d u c t a s w e l l a s t h e i n t e r n a l s t r u c t u r e c a n b e 
a l t e r e d b y c h a n g i n g t h e e x t r u s i o n g a t e , o r b y s w i t c h i n g t h e p u l p f l o w t o 
a n o t h e r g a t e , t h u s a l l o w i n g f o r r a p i d r u n c h a n g e s . T h e r a w m a t e r i a l , o f 
c o u r s e w o u l d r e q u i r e n o c h a n g e s f o r r u n c h a n g e s . P l a n t T w o p r o d u c e s 
l a r g e q u a n t i t i e s o f s c r a p p a p e r i n i t s o p e r a t i o n s , a n d w i t h a p r o c e s s 
s u c h a s o u t l i n e d a b o v e t h e s c r a p p a p e r c o u l d b e c o n v e r t e d t o p u l p a n d r e ­
u s e d . 
R e g a r d i n g t h e u s e o f a h e a v i e r c r a f t p a p e r a s d i s c u s s e d p r e v i o u s l y , 
t h e p r i n c i p l e s o f m a c h i n e c o m p o u n d i n g , f l e x i b i l i t y o f t o o l i n g , p r o c e s s i n g 
i n c o n t i n u o u s f o r m a n d m e c h a n i c a l f e e d i n g e q u i p m e n t i n d i c a t e t h a t a u n i t 
s u c h a s t h e M e r c u r y P r i n t e r C u t t e r b e u s e d . I t i s e n v i s i o n e d t h a t p a p e r 
w o u l d p a s s t h r o u g h a r o t a r y p r i n t e r ( w i t h a u t o m a t i c c h a n g e o f p r i n t i n g 
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rollers) through a longitudinal creaser, or a platen cutter with incor­
porated creasers, and finally mechanically fed to a folder-gluer machine 
such as used in the folding box division. 
The first operation in the existing process, that of unloading and 
storing roll stock, could be altered to allow storage in a system of 
routing "tracks*1 similar to the proposed conveyor installation of Plant 
One as suggested by the principle of live storage. However, since the 
rolls are of considerable size and are heavy, construction of such a live 
storage system would require special construction of some size requiring 
a large capital investment* In addition, such an installation may not 
have an advantage over the present bridge crane handling method. 
Regarding the individual fabricating operations, and starting with 
the existing corrugating machinery, the principles of continuous proces­
sing and machine compounding indicate there may be an advantage in alter­
ing the sequence and equipment of present operations. 
In the existing operations, the paper is corrugated, and after 
corrugation, cut into sheets, creased, printed, slotted, folded and 
taped or stapled; many of these operations take place in separate machines, 
each requiring a feeding and unloading operation. 
A solution is that of printing the external paper layer before 
glueing to the center layer in a printer similar to the one used in the 
Folding Box Division, and feeding the output of this printer into the 
corrugator. The printer should be built with provisions for indexing or 
switching printer rollers so as to achieve automatic and rapid run changes 
(principle of flexibility of tooling). To consider the remainder of the 
operation after corrugation, it is projected that a platen cutter-creaser 
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attachment on the output of the corrugator be installed* The output of 
this machine compound is then the printed, creased, and cut box blanks, 
which require only folding and stapling or gluing for completion (though 
for some runs provision must be made for the attachment of a fiberglass 
tear-strip)* Two avenues are open for the remaining folding and taping 
operations; these units can also be included in the corrugator-printer-
cutter- ereaser compound or the units can be sectionalized. Automatic 
feeding equipment would be required in both instances, and the decision 
rests on a knowledge of the cycle times of the machines and the potential 
failure of component compounded machines. 
In each machine element it is desirable that control information 
be interpreted for each of the individual lot operations, i*e*, the 
machines should be easily and automatically altered for lot changes 
(principles of flexibility of tooling and control of flexible tooling)* 
A possible means of performing this in one phase of the operation (that 
of the cutter-creaser addition to the corrugating compound) is to pro­
vide two or more cutter-creasers of which only one would be used for any 
lot. During that lot run, the cutter-creaser (roller or platen) could 
be installed for the next lot, at the next run change, it would then only 
be necessary to switch to the new cutter-creaser and its ancillary re­
gistration equipment. This switching action can be included in a control 
system which would sequentially switch all the alterable machine elements 
to accomplish a change without machine stoppage * 
At the terminal point of the hypothetical process the taped or 
stapled boxes could again be stacked; it is desired to automatically 
unitize these stacks for shipment. Kxisting equipment such as the Bunn 
s l a n t f r a m e t i e i n g m a c h i n e c o u l d b e u s e d , o r a s i m i l a r t y p e m e c h a n i s m , 
f o r s u b u n i t i z a t i o n . P a l l e t i z a t i o n c o u l d b e a c c o m p l i s h e d b y a n a u t o m a t i c 
p a l l e t i z e r c o u p l e d w i t h t h e o v e r a l l c o n t r o l s y s t e m s o a s t o a u t o m a t i c a l l y 
a l t e r t h e p a l l e t p a t t e r n s i n a c c o r d a n c e w i t h t h e r u n c h a n g e s , a n d h e n c e 
p a c k a g e s i z e s . 
T e m p o r a r y d i s t r i b u t i o n s t o r a g e i s p o s s i b l e b y r e t a i n i n g t h e l o a d e d 
p a l l e t s o n r o l l e r c o n v e y o r s a f t e r a u t o m a t i c p a l l e t i z a t i o n . L i v e c o n v e y o r 
s t o r a g e w i t h a u t o m a t i c r o u t i n g c o u l d a l s o b e c o u p l e d w i t h a m a s t e r c o n t r o l 
s y s t e m t o s e g r e g a t e t h e r u n s o f d i f f e r e n t p r o d u c t s . 
T h e f e a s i b i l i t y o f t h e s e p o s s i b i l i t i e s w o u l d , o f c o u r s e , n e e d c o m ­
p r e h e n s i v e e x a m i n a t i o n , a n d p r o b a b l y a d e g r e e o f c o m p r o m i s e b e t w e e n m a n u a l 
a n d a u t o m a t i c o p e r a t i o n s . 
T h e f o l l o w i n g p r i n c i p l e s h a v e b e e n d i r e c t l y a p p l i c a b l e i n t h e a n a l y ­
s i s o f t h i s p r o c e s s : 
P r o c e s s i n g o f C o n t i n u o u s F o r m M a t e r i a l s 
F l e x i b i l i t y o f T o o l i n g 
M a c h i n e C o m p o u n d i n g 
L i v e S t o r a g e o f M a t e r i a l s 
C o n t r o l o f F l e x i b l e T o o l i n g 
T h e f o l l o w i n g p r i n c i p l e s a r e o f i n d i r e c t o r p o t e n t i a l a p p l i c a t i o n : 
M i n i m i s a t i o n o f E u n D i f f e r e n c e s 
M e c h a n i c a l F e e d i n g E q u i p m e n t 
I n t e r m a c h i n e T r a n s f e r 
M a n u a l C o n t r o l E l i m i n a t i o n 
C o n t r o l I n t e r a c t i o n 
C e n t r a l i z e d C o n t r o l . 
F O L D I N G B O X D I V I S I O N , T h e p r i n c i p l e o f p r o c e s s i n g m a t e r i a l i n c o n t i n u o u s 
f o r m i s c u r r e n t l y u s e d i n t h e M e r c u r y P r i n t e r - C u t t e r , t h o u g h t h i s m a c h i n e 
i s r e l a t i v e l y i n f l e x i b l e f r o m t h e s t a n d p o i n t t h a t r u n c h a n g e s m u s t b e 
a c c o m p l i s h e d t h r o u g h m a c h i n e s t o p p a g e a n d t h e p h y s i c a l a l t e r a t i o n o f s o m e 
m a c h i n e e l e m e n t s . T h e M i e h l e m a c h i n e s w i l l n o t b e c o n s i d e r e d s i n c e e x ­
i s t i n g e q u i p m e n t s u r p a s s e s t h e m i n a u t o m a t i c i t y . I t i s i n t e r e s t i n g t o 
n o t e t h a t o n e c a u s e o f t h e i r l e s s e f f i c i e n t o p e r a t i o n s i s t h e n e c e s s i t y 
o f h a n d l i n g d i s c r e t e s h e e t s o f p a p e r r a t h e r t h a n c o n t i n u o u s r o l l s a s u s e d 
i n t h e c o n t i n u o u s p r i n t e r - c u t t e r s . 
T h e f u n c t i o n o f t h e M e r c u r y P r i n t e r - C u t t e r t y p e m a c h i n e s i s t h e 
p r e p a r a t i o n o f t h e f o l d i n g b o x b l a n k s , a n d i s c u r r e n t l y p e r f o r m e d i n a n 
a u t o m a t i c m a n n e r ; h o w e v e r , r u n c h a n g e s n e c e s s i t a t e m a c h i n e s t o p p a g e a n d 
p h y s i c a l a l t e r a t i o n o f t h e e q u i p m e n t . T h i s c o u l d b e e l i m i n a t e d t h r o u g h 
t h e u s e o f f l e x i b l e e q u i p m e n t a n d a c o n t r o l s y s t e m a s b r i e f l y o u t l i n e d i n 
t h e p r e v i o u s s e c t i o n , a n d a s s u g g e s t e d b y t h e p r i n c i p l e o f f l e x i b l e t o o l ­
i n g . I t i s n e c e s s a r y t o b u i l d i n t o t h e m a c h i n e t h o s e a c t i o n s w h i c h m u s t 
b e a l t e r e d d u r i n g a r u n c h a n g e , w i t h a p r o v i s i o n f o r s e l e c t i o n b y a c o n ­
t r o l u n i t . I n t h i s c a s e , t h e m a j o r c h a n g e s a r e t h e p r i n t i n g a n d c u t t i n g 
a c t i o n s . F o r s i m p l i f i c a t i o n , c o n s i d e r t h a t t h e m a c h i n e n e e d o n l y b e 
a l t e r e d f o r t w o d i f f e r e n t p r o d u c t s ; t h e o r e t i c a l l y t w o s e t s o f p r i n t i n g 
r o l l e r s ( w i t h a p p r o p r i a t e i n k c o n n e c t i o n s a n d v a l v e s ) a n d t w o p l a t e n 
c u t t e r s a r e n e e d e d . F o r r u n c h a n g e s , i t i s t h e n n e c e s s a r y t o s w i t c h f r o m 
o n e p r i n t i n g c o m b i n a t i o n t o t h e o t h e r , a n d a s i m i l a r s w i t c h b e t w e e n p l a t e n 
c u t t e r s a n d r e g i s t e r c o n n e c t i o n s . T h i s p e r h a p s i s a n o v e r - s i m p l i f i c a t i o n 
s i n c e t h e p r i n t i n g r o l l e r s a n d p l a t e n s m u s t b e c h a n g e d d u e t o w e a r w i t h ­
o u t r u n c h a n g e s ; n e v e r t h e l e s s , a c o m b i n a t i o n o f a u t o m a t i c c o n t r o l a n d 
m a n u a l o p e r a t i o n s m a y b e f e a s i b l e w i t h t h e d u p l i c a t e d s e t s , o f p r i n t i n g 
a n d c u t t i n g e q u i p m e n t , w h i c h w o u l d p r o v i d e f o r e q u i p m e n t a l t e r a t i o n w i t h ­
o u t m a c h i n e s t o p p a g e . T h i s w o u l d a l s o a l l o w f o r r u n c h a n g e s b y a s w i t c h -
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ing action. 
The primary concern is the development of a method of altering 
the printing and cutting information stored in the printing rollers and 
platen cutter. If this information can be easily and flexibly changed, 
then a path for automaticity is opened. 
Regarding the existing sectionalization of the printer-cutters 
and folder-gluers, it may be inefficient to compound them due to the dif­
ference in their cycle times a n d because the folder-gluers frequently jam 
which would cause a disruption of the entire process. The principles of 
artificial continuous processing and mechanical feeding equipment suggests 
the integration of these units. The output of the printer-cutter pre­
sently requires manual stock collection and unitizing. The use of mech­
anical equipment for collecting these discrete products is not impossible; 
if the printer-cutter and folder-gluer groups are not compounded, the pos­
sibility exists of loading the products into magazines which would serve 
both as the in-process materials handling container, and as an element of 
a p r o p o s e d a u t o m a t i c feeding installation for the folder-gluers. 
Functionally the folder-gluers unite and secure surfaces of the 
product. Though highly mechanical in nature, they perform the folding-
gluing operations automatically; run changes, however, require manual re­
positioning of deflector arms and other changes. 
The folding-gluing operations are complex, and without a product 
revision or a more complete study of their operation, the highest poten­
tial for increased automaticity exists in the feeding and unloading oper­
ations. 
Feeding, as has been previously stated, could be accomplished by 
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feeding magazines, the magazines having been theoretically loaded at 
the terminal point of the printer-cutter machine. 
In most operations, inspectors remove finished products from the 
machines, perform a 100 per cent inspection, and pass the products to 
other personnel who package the finished products in corrugated cartons. 
I f the 100 per cent inspection could be eliminated, the packaging of 
products would then be a matter of mechanical equipment design and simple 
control units. Analysis of operator functions has shown that during 
final inspection, the registration of multicolor printing and cutting 
must be determined and the alignment of the folded and glued parts must 
be checked. There is a possibility that these variables could be checked 
automatically through the use of a photoelectric cell; color registration 
could be checked in the producing machine by ejecting those products 
whose registration marks exceed specified limits from a base mark. Photo­
electric detection of cutting registration could be accomplished by check­
ing the location of critical colors when the product is positioned in 
accordance with a reference. Similarly there is a potential to inspect 
folding registration by checking the alignment of other registration 
lines. Provision for the ejection of these unsatisfactory products would 
obviate the need for manual inspection, and would further allow the use 
of mechanical packaging equipment, which would feed directly from the out­
put of the folder-gluer machines. 
After packaging, it is theoretically possible to automatically 
close the cartons, route them to palletizers, and hold in temporary live 
storage pending permanent shipment or storage. 
In the discussion of the Folding Box Division, the principle of 
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processing material in continuous form is currently used* In addition 
the following are directly applicable: 
Artificial Semi-Continuous Processing 
Flexibility of Tooling 
Mechanical Feeding Equipment 
Control of Flexible Tooling 
Analysis of Operator Functions 
Other principles of indirect or potential application are: 
Minimsation of run differences 
Machine Compounding 
Manual Control Elimination 
Control Function Interaction 
The following ratios have been computed: 
Production ¥alue : Equipment Investment 7»93 
Payroll : Equipment Investment 1.12 
Equipment Investment : No. Production Personnel $ 3,021; 
Production Value : No. Production Personnel $23,967 
PLANT THREE 
PROCESS OBSERVATIONS 
Plant Three manufactures aluminum entrances. The two major as­
semblies are the door frame and the door. The door itself consists of a 
frame into which a glass plate is seated. In addition, several minor as­
semblies consisting of lock enclosures, panic exit mechanisms, and push 
and pull bars are fabricated. The operations observed were those of the 
fabrication of the door and door frame, and the assembly of components 
into a completed unit. 
The plant manufactures custom entrances individually; the basic 
operations for these products are the same for the standard items, which 
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are p r o d u c e d i n l o t s . 
A p p r o x i m a t e l y 200 v a r i a t i o n s o f e x t r u d e d a l u m i n u m s h a p e s a r e u s e d 
i n t h e m a n u f a c t u r e o f n i n e b a s i c m o d e l s o f e n t r a n c e s , w i t h a p p r o x i m a t e l y 
80 v a r i a t i o n s . T h e a l u m i n u m e x t r u s i o n s a r e f i r s t a n o d i z e d a t a l o c a t i o n 
r e m o t e t o t h e f a b r i c a t i o n b u i l d i n g , a n d a r e m o v e d t o t h e f a b r i c a t i n g 
o p e r a t i o n s i n a c c o r d a n c e w i t h l o t r e q u i r e m e n t s . T h e s e s u r f a c e f i n i s h i n g 
o p e r a t i o n s w e r e n o t o b s e r v e d . 
T h e f i r s t o p e r a t i o n i s o n e o f c u t t i n g t h e e x t r u d e d s h a p e s f o r t h e 
d o o r s , a n d f r a m e s t o l e n g t h . A f t e r c u t t i n g , a p p r o x i m a t e l y 75 h o l e s a r e 
m a n u a l l y d r i l l e d i n t h e d o o r , o f w h i c h 50 a r e t a p p e d . A p p r o x i m a t e l y 50 
h o l e s a r e d r i l l e d i n t h e f r a m e , a l l o f w h i c h a r e c o u n t e r s u n k , b u t n o t 
t a p p e d . F o l l o w i n g t h e d r i l l i n g o p e r a t i o n s , t h e l o t i s s e n t t o a d i e 
p r e s s w h i c h i s u s e d t o c u t n i c h e s i n t h e v a r i o u s m e m b e r s , a n d w h e r e p o s ­
s i b l e , t o p u n c h r e q u i r e d h o l e s . 
C o n c u r r e n t w i t h t h e s e m a j o r o p e r a t i o n s , t h e f a b r i c a t i o n o f l o c k s , 
o p e n i n g b a r s , p a n i c h a r d w a r e , a n d o t h e r m i s c e l l a n e o u s u n i t s a r e a c c o m ­
p l i s h e d . I n t h e s e o p e r a t i o n s , a l a r g e n u m b e r o f subassemblies can b e 
m a n u f a c t u r e d i n a r e l a t i v e l y s h o r t t i m e , a n d i n o n e i n s t a n c e , t h a t o f t h e 
a s s e m b l y o f l o c k c o m p o n e n t s , t h e n e e d e d a s s e m b l i e s f o r a m o n t h s s u p p l y -
a r e p r o d u c e d i n s e v e r a l m a n - h o u r s . C o n s e q u e n t l y t h e p r o d u c t i o n s c h e d u l ­
i n g o f m a n y o f t h e s e a u x i l i a r y i t e m s i s p r i m a r i l y f o r s t o c k , a n d n o t 
c l o s e l y c o u p l e d w i t h t h e l o t i n p r o c e s s ; t h e m a n u f a c t u r e o f c e r t a i n i t e m s , 
s u c h a s p u s h b a r s , i s m o r e c l o s e l y r e l a t e d t o t h e l o t i n p r o c e s s . 
A f t e r c o m p l e t i o n o f c o m p o n e n t p a r t s , t h e d o o r s a n d f r a m e s a r e a s ­
s e m b l e d w i t h s c r e w f a s t e n e r s a n d w e l d i n g . A l l a s s e m b l y o p e r a t i o n s a r e 
m a n u a l , t h o u g h j i g s a r e u s e d e x t e n s i v e l y f o r t h e p o s i t i o n i n g o f p a r t s . 
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Many intricate assemblies are required, one of which was the assembly of 
the panic bar mechanisms inside the vertical enclosed members of the door. 
After all operations, the completed units are packaged in corru­
gated paper board which is used primarily for protection rather than the 
containing function. 
MANAGEMENT OPINIONS 
Contact was made with the plant manager who stated that his organi­
zation had a basic understanding of the concept of automation, but had not 
followed the developments of automation closely, and had not made a tech­
nical evaluation as such. The plant manager felt that automaticity had 
little application in the processes of Plant Three due to the job-lot 
type production, and therefore the volume of any lot did not warrant auto­
matic or straight-line production techniques. 
He stated that management was progressive, and would give serious 
consideration to changes which would provide an economic advantage, al­
though he also stated that capital was not readily available for exten­
sive process changes. 
Several suggestions were made by the plant manager regarding auto­
maticity of specific operations. 
PRODUCT CONSIDERATIONS 
Functionally, the product of Plant Three is an entrance which 
affords protection for the interior of a building. Protective functions 
are both the prevention of undesirable human entrance, and the isolation 
of the building from natural elements. There are a number of variations 
of solid masses designed to perform this function, and the appeal de-
p e n d s o n t h e a e s t h e t i c q u a l i t i e s a n d t h e c o s t f u n c t i o n o f e a c h . 
T h e p r o d u c t d e p e n d s h e a v i l y o n t h e q u a l i t y o f m a n u f a c t u r e a n d t h e 
p l e a s i n g a p p e a r a n c e o f t h e a n o d i z e d a l u m i n u m s u r f a c e s f o r i t s s a l e s 
a p p e a l . C o n s e q u e n t l y , a s i s a p p a r e n t l y c h a r a c t e r i s t i c o f t h e m e d i u m -
s i z e d p l a n t s v i s i t e d , a f u n c t i o n a l p r o d u c t r e v i s i o n m a y d e s t r o y t h e e x i s t ­
i n g m a r k e t t o w h i c h t h e c o m p a n y c a t e r s . 
T h e r e m a i n i n g a l t e r n a t i v e i s t o r e v i s e t h e m e t h o d o f m a n u f a c t u r e 
o r m a t e r i a l s u s e d t o f a b r i c a t e t h e p r o d u c t i n i t s p r e s e n t f o r m . S u c h a 
p o s s i b i l i t y e x i s t s i n t h e d i e c a s t i n g o f t h e v a r i o u s m e m b e r s , t h o u g h s u c h 
a n a p p r o a c h w o u l d n o t p r o v i d e t h e f l e x i b i l i t y n o w r e q u i r e d a n d w o u l d n o t 
n e c e s s a r i l y c o n t r i b u t e t o t h e a u t o m a t i c i t y o f t h e p r o c e s s . A n a d v a n t a ­
g e o u s f u n c t i o n a l p r o d u c t r e v i s i o n i s n o t a p p a r e n t . 
P R O C E S S C O N S I D E R A T I O N S 
T h e o v e r a l l f u n c t i o n o f t h e p r o c e s s i s t o p r o d u c e m u l t i - c o m p o n e n t 
a s s e m b l i e s f r o m m a c h i n e d m e t a l e l e m e n t s . T h e m a c h i n i n g o f t h e s e c o m ­
p o n e n t s i s p r i m a r i l y o n e o f s a w i n g , d r i l l i n g , t a p p i n g , c o u n t e r s i n k i n g , 
a n d d i e c u t t i n g . T h e p r i n c i p l e o f s i m i l a r r u n - t o - r u n o p e r a t i o n s s u g g e s t s 
t h e s e g r e g a t i o n o f t h o s e o p e r a t i o n s c o m m o n t o a l l r u n s . T h e a b o v e m a c h ­
i n i n g o p e r a t i o n s a r e c o m m o n t o a l l e x c e p t f o r t h e v a r i a b l e o f a d i f f e r e n c e 
i n t h e s p e c i f i c l o c a t i o n o f t h e s e o p e r a t i o n s . C o n s e q u e n t l y t h e u s e o f 
f l e x i b l e t o o l i n g a n d t h e n e c e s s a r y c o n t r o l u n i t s t o p o s i t i o n t h e c u t t i n g 
t o o l s o r w o r k p i e c e i s i n d i c a t e d . F u r t h e r m o r e , t h e p r i n c i p l e o f m a c h i n e 
c o m p o u n d i n g m a y b e f o l l o w e d b y c o m b i n i n g a s m a n y o f t h e s e o p e r a t i o n s a s 
p o s s i b l e • 
R e g a r d i n g t h e s a w i n g o f e x t r u d e d s h a p e s t o l e n g t h s , t h e s p e c i f i c 
v a r i a b l e t o b e c o n t r o l l e d i s l e n g t h o f t h e m e m b e r . T h e p r e s e n t o p e r a t o r 
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f u n c t i o n i s p r i m a r i l y o n e o f p o s i t i o n i n g t h e w o r k p i e c e s o t h a t t h e c o r ­
r e c t l e n g t h w i l l b e c u t a n d a c t u a t i n g t h e s a w . T h e p o s i t i o n i n g f u n c t i o n 
i s t h a t o f d e t e r m i n i n g a d i s c r e t e a d d r e s s t o w h i c h t h e c u t t i n g i n s t r u ­
m e n t m u s t b e d i r e c t e d ; t h i s c a n b e a c c o m p l i s h e d e i t h e r b y i n d e x i n g t h e 
w o r k p i e c e o r i n d e x i n g t h e c u t t i n g i n s t r u m e n t . S i n c e t h e r e l a t i v e m o t i o n 
o f t h e w o r k p i e c e a n d c u t t i n g i n s t r u m e n t i s p e r p e n d i c u l a r t o t h e m o v e ­
m e n t s f o r l e n g t h w i s e p o s i t i o n i n g , t h e p o s i t i o n i n g o f t h e w o r k p i e c e a l o n e 
w o u l d r e q u i r e t w o d i m e n s i o n a l c o n t r o l , w h e r e a s t h e m o v e m e n t s o f t h e c u t ­
t i n g i n s t r u m e n t w o u l d r e q u i r e o n l y o n e d i m e n s i o n a l c o n t r o l , i n c o n j u n c t i o n 
w i t h a c o n s t a n t s p e e d w o r k p i e c e f e e d i n g m e c h a n i s m . 
S e v e r a l a l t e r n a t i v e s a r e p o s s i b l e i n r e g a r d t o t h e m o v e m e n t o f t h e 
s a w . T h e s a w c a n b e p r o g r a m m e d t o c u t a l l s p e c i f i c l e n g t h s t h a t a r e u s e d 
i n t h e p r o c e s s , o r t h e s a w m a y b e p r o g r a m m e d t o d e t e r m i n e a n y p o s i t i o n 
a l o n g t h e w o r k p i e c e l o n g i t u d i n a l a x i s , s o t h a t a n y l e n g t h m a y b e s e l e c t e d 
a n d c u t . I t i s c o n c e i v a b l e t h a t t h e s a w c o u l d b e m o u n t e d o n a t r a c k a n d 
m a n u a l l y r e p o s i t i o n e d a f t e r t h e c o m p l e t i o n o f a l o t . I t i s f u r t h e r p o s ­
s i b l e t h a t t w o o r m o r e s a w s c o u l d b e s o m o u n t e d t o c u t t h r e e o r m o r e 
l e n g t h s f r o m o n e l o n g e x t r u d e d s h a p e . 
O n e m e t h o d o f f e e d i n g m a t e r i a l s t o t h i s p r o g r a m m e d s a w i n g o p e r a t i o n 
i s t h a t o f a m a n u a l l y l o a d e d c h a i n c o n v e y o r w h i c h w o u l d s e c u r e t h e e x ­
t r u s i o n s i n p o s i t i o n a n d m o v e i n a d i r e c t i o n t r a n s v e r s e t o t h e l o n g i t u d ­
i n a l a x i s t o t h e s a w ( s ) . T h e c u t m e m b e r s c o u l d t h e n b e e i t h e r c h u t e d t o 
t h e n e x t o p e r a t i o n , o r d r o p p e d f r o m t h e c u t t i n g t a b l e ( t h o u g h a t a b l e i s 
n o l o n g e r a n e c e s s i t y ) t o s t a n d a r d m a t e r i a l h a n d l i n g c o n t a i n e r s o r s p e c i a l 
r a c k s . 
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W h i l e t h e a b o v e h y p o t h e t i c a l s o l u t i o n i s o n e o f t h e m a n y p o s ­
s i b l e , t h e m a j o r p o i n t t o b e r e c o g n i z e d i s t h a t t h e c o n t r o l s y s t e m m u s t 
b e o n e w h i c h c a n d e t e r m i n e o n e s p e c i f i c a d d r e s s ( t h a t o f t h e p o s i t i o n 
a t w h i c h t h e e x t r u s i o n i s t o b e s e v e r e d ) . 
T h e n e x t o p e r a t i o n s o n t h e w o r k p i e c e s a r e t h o s e o f d r i l l i n g , 
t a p p i n g a n d c o u n t e r s i n k i n g . T h e s e a r e a g a i n s p e c i f i c l o c a t i o n o p e r a t i o n s , 
t h o u g h t h e l o c a t i o n s a r e n o w i n t w o d i m e n s i o n s . 
A g a i n t h e a l t e r n a t i v e o f p o s i t i o n i n g t h e w o r k p i e c e t o t h e c u t t i n g 
i n s t r u m e n t ( s ) , o r p o s i t i o n i n g t h e c u t t i n g i n s t r u m e n t ( a ) t o t h e w o r k p i e c e 
e x i s t s . T h e o r e t i c a l l y , i f t h e n u m b e r o f c u t t i n g i n s t r u m e n t s w e r e e q u a l 
t o t h e n u m b e r o f a d d r e s s e s t o b e o p e r a t e d u p o n , a l l t h e c u t t i n g i n s t r u ­
m e n t s c o u l d b e " g a n g e d " a n d a c t u a t e d w h e n t h e w o r k p i e c e i s l o c a t e d i n a 
f i x e d p o s i t i o n . A t t h e o t h e r e x t r e m e , i t i s p o s s i b l e t o u t i l i z e o n l y o n e 
c u t t i n g i n s t r u m e n t w h i c h c a n b e u n i v e r s a l l y m o v e d i n t w o d i m e n s i o n s t o 
a c c o m p l i s h a l l o f t h e d r i l l i n g a c t i o n s o f a g i v e n s i z e j s u c h a n i n s t r u ­
m e n t i s t h e H i l l y e r d r i l l i n g a n d l o c a t i n g m a c h i n e d i s c u s s e d i n t h e t e x t , 
t h o u g h t h e H i l l y e r u n i t i s d e s i g n e d f o r l i g h t e r m a t e r i a l . P o s s i b l y t h e 
o p t i m u m c o m b i n a t i o n o f t h e s e t w o e x t r e m e s i s a c o m b i n a t i o n o f t h e a u t o ­
m a t i c a l l y f l e x i b l e , a n d t h e m e c h a n i c a l l y f l e x i b l e d r i l l i n g h e a d s ; w h e r e 
s e v e r a l h o l e s a r e g r o u p e d c l o s e t o g e t h e r , a n a u t o m a t i c a n d p r o g r a m m e d 
d r i l l w o u l d c u t e a c h s e q u e n t i a l l y . F o r h o l e s l o c a t e d s o m e d i s t a n c e a p a r t , 
i t m a y b e o f a d v a n t a g e t o u s e f l e x i b l e , t h o u g h m a n u a l l y s e t , d r i l l h e a d s . 
I n t h i s m a n n e r , i t i s v i s u a l i z e d , t h e w o r k p i e c e s w o u l d b e l o a d e d t o a 
w o r k h o l d i n g m a t e r i a l s h a n d l i n g f i x t u r e , a n d i n d e x e d t h r o u g h d r i l l i n g , 
t a p p i n g , a n d c o u n t e r s i n k i n g o p e r a t i o n s . S u c h a n a r r a n g e m e n t i s a c t u a l l y 
a t h r e e s t a t i o n t r a n s f e r m a c h i n e , w i t h p r o v i s i o n s f o r f l e x i b l e l o c a t i o n 
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o f t h e o p e r a t i n g a d d r e s s e s . 
A g a i n , t h e r e a r e m a n y p h y s i c a l s o l u t i o n s t o t h e a u t o m a t i c d r i l l ­
i n g o f t h e w o r k p i e c e s , b u t t h e m a j o r c o n t r o l c o n s i d e r a t i o n i s t h a t o f 
a u t o m a t i c a l l y l o c a t i n g t h e h o l e s i n t w o d i m e n s i o n s . I n a d d i t i o n t o t h e 
l o c a t i o n , s u c h a s y s t e m m u s t b e f l e x i b l e t o a l l o w f e a s i b l e a l t e r a t i o n f o r 
r u n c h a n g e s . 
D r i l l i n g o p e r a t i o n s c o u l d p r e c e d e t h e s a w i n g o p e r a t i o n s , w i t h t h e 
p o s s i b l e a d v a n t a g e o f l e s s d i s c r e t e h a n d l i n g , t h o u g h i t w o u l d b e n e c e s ­
s a r y t o a c c u r a t e l y p o s i t i o n t h e w o r k p i e c e s t o t h e c u t t i n g i n s t r u m e n t s 
w i t h r e f e r e n c e t o a b e n c h m a r k . 
B o t h d r i l l i n g a n d s a w i n g o p e r a t i o n s c o u l d c o n c e i v a b l y b e p e r f o r m e d 
a t t h e s a m e t i m e ; m u l t i p l e s a w u n i t s a n d d r i l l i n g h e a d s c o u l d b e a f f i x e d 
t o t h e s a m e b a s e i n s u c h a m a n n e r t h a t t h e d r i l l s w o u l d p e n e t r a t e f i r s t 
a f t e r w h i c h t h e m u l t i p l e s a w s w o u l d c u t t h e l o n g e x t r u s i o n t o s i z e . 
S e v e r a l t e c h n i c a l p r o b l e m s r e m a i n t o b e s o l v e d i n s u c h a n i n s t a l l a t i o n . 
T h e o r e t i c a l l y , t h e w o r k p i e c e s c o u l d b e f e d d i r e c t l y t o t h e p r e s s 
o p e r a t i o n b y a m e c h a n i c a l f e e d i n g d e v i c e , W h i l e v a r i o u s a u t o m a t i c p r e s s 
f e e d s a r e a v a i l a b l e , t h i s o p e r a t i o n m a y b e a c c o m p l i s h e d w i t h l e s s c o m ­
p l e x i t y w i t h m a n u a l f e e d a n d a c t u a t i o n t h o u g h a m o r e d e t a i l e d i n v e s t i ­
g a t i o n i s w a r r a n t e d . F l e x i b l e , r a p i d s e t - u p c h a n g e s a l s o r e m a i n a p r o b l e m 
d u e t o t h e t o o l i n g n a t u r e o f t h e p r e s s . 
W h i l e o n l y t w o o f t h e s u b - a s s e m b l y o p e r a t i o n s w e r e o b s e r v e d , a n d 
r e c o g n i z i n g t h a t t h e s e a s s e m b l i e s a r e c o m p l e t e d i n a r e l a t i v e l y s h o r t t i m e , 
i t i s f e l t t h a t f u r t h e r i n v e s t i g a t i o n i n t o t h e u s e o f d i a l f e e d s m a y u n ­
c o v e r c o m m o n e l e m e n t s w h i c h c o u l d b e a d v a n t a g e o u s l y a n d a u t o m a t i c a l l y 
p e r f o r m e d . 
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Functionally, the purpose of the assembly operations is to 
fasten the completed components together into an operating unit. Inas­
much as this involves a multitude of three dimensional positioning of 
many varied parts, the automation of the final assembly phase is ap­
parently not feasible. 
In the discussion of this process, the principles which have a 
direct potential application are: 
Processing of Continuous Form Material 
Flexibility of Tooling and Control of Flexible Tooling 
Machine Compounding 
Similar run-to-run Operations 
The following principles are indirectly concerned with the process: 
Minimization of Run Differences 
Intermachine Transfer 
Quantitative information was not available from Plant Three. 
PLANT FOUR 
PROCESS OBSERVATIONS 
Plant Four produces paper envelopes and other communication en­
closures manufactured from paper. 
Raw material is received by the plant in rolls of paper stock. In 
accordance with lot requirements, the roll stock is cut to sheet size for 
use in other machines in the plant. The flat paper stock is then mech­
anically moved, in stacks, to one of five die cutters. Paper is placed 
on the machine table in one foot thicknesses and is cut by means of a hand 
positioned die and a press. The operator positions a single die over the 
stack of paper, and further positions the complete stack under the press, 
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a t w h i c h t i m e h e a c t u a t e s t h e m a c h i n e , d r a w i n g b a c k t h e s t a c k a n d m a n u ­
a l l y r e m o v i n g t h e c u t e n v e l o p e b l a n k s a f t e r t h e m a c h i n e c u t t i n g a c t i o n . 
M a c h i n e s a r e g r o u p e d f u n c t i o n a l l y i n P l a n t F o u r , t h e n e x t g r o u p 
b e i n g p r i n t i n g p r e s s e s . T e n p r i n t i n g p r e s s e s a r e m a i n t a i n e d w h i c h a r e 
s e m i - a u t o m a t i c , r e q u i r i n g o n l y b u l k f e e d i n g a n d r e m o v a l . M a n u a l o p e r ­
a t i o n s i n c l u d e t h i s b u l k f e e d i n g , m i n o r o p e r a t i n g a d j u s t m e n t s , a n d s e t ­
u p c h a n g e s . O n e m a i n t e n a n c e o p e r a t o r i s a s s i g n e d t o t h r e e m a c h i n e s , a n d 
o n e p e r s o n f o r f e e d i n g a n d s t o c k r e m o v a l a t t e n d s t w o o r t h r e e m a c h i n e s . 
A s p o t c h e c k o f s e v e r a l p r i n t i n g p r e s s e s s h o w e d a n a v e r a g e o f b e t w e e n 
f o u r a n d f i v e s e t - u p c h a n g e s p e r d a y . T h r e e p r e s s e s u s e d b y t h e p l a n t 
a r e c a p a b l e o f t w o - c o l o r p r i n t i n g , a n d o n e i s c a p a b l e o f t h r e e - c o l o r 
p r i n t i n g . 
T y p e s e t t i n g f o r t h e p r i n t i n g o p e r a t i o n s i s a c c o m p l i s h e d i n t h e 
p l a n t , w i t h t h e f i n a l l e a d l o c k - u p i m p r e s s e d i n r u b b e r n e g a t i v e s . 
I f t h e l o t i n - p r o c e s s s o r e q u i r e s , t h e p r i n t e d e n v e l o p e s a r e 
r o u t e d t o w i n d o w - c u t t i n g m a c h i n e s ; t h e p l a n t h a s t w o s u c h m a c h i n e s , o n e 
w i t h a u t o m a t i c f e e d , a n d t h e o t h e r w i t h m a n u a l f e e d . T h e s i z e o f t h e 
l o t d e t e r m i n e s w h i c h m a c h i n e i s t o b e u s e d . N e i t h e r o f t h e s e m a c h i n e s 
w e r e i n u s e o n t h e d a y o f t h e v i s i t . 
F o l l o w i n g e i t h e r t h e a b o v e , o r t h e p r i n t i n g o p e r a t i o n , d e p e n d i n g 
o n t h e l o t s p e c i f i c a t i o n s , l e t t e r s i z e e n v e l o p e s a r e t r a n s p o r t e d o n 
d o l l i e s t o f o l d i n g , g l u e i n g , a n d c e l l o p h a n e w i n d o w a t t a c h i n g m a c h i n e s . 
T h i s m a c h i n e c o m p o u n d i s s i m i l a r t o t h e f o l d e r - g l u e r m a c h i n e s u s e d i n 
P l a n t T w o , I n a d d i t i o n , t h e s e m a c h i n e s h a v e p r o v i s i o n f o r p r i n t i n g , 
w h i c h i s u s e d o n l y o c c a s i o n a l l y , a g a i n d e p e n d i n g o n t h e l o t r e q u i r e m e n t s . 
P r i n t i n g w i t h t h e s e u n i t s i s o f l o w e r q u a l i t y t h a n t h e i n d i v i d u a l p r i n t -
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i n g m a c h i n e s . 
O n c e s e t - u p , t h e s e f o l d e r - g l u e r - p r i n t e r m a c h i n e c o m p o u n d s r e q u i r e 
o n l y m a n u a l u n l o a d i n g , a n d b u l k f e e d i n g . F e m a l e o p e r a t o r s unload t h e 
e n v e l o p e s m a n u a l l y , p a c k a g e t o s m a l l b o x e s , a n d a l s o l o a d t h e o p p o s i t e 
e n d o f t h e m a c h i n e w h e n " l o w s t o c k " i s s i g n a l e d b y a n i n d i c a t o r l i g h t . 
T h e m a j o r o p e r a t i n g a d j u s t m e n t i s t h e a d d i t i o n o f g l u e , w h i c h i s a c ­
c o m p l i s h e d b y m a i n t e n a n c e p e r s o n n e l . T h e m a c h i n e r y f o r t h e s e o p e r a t i o n s 
i s c o m p l e x , a n d p r i m a r i l y p r o g r a m m e d m e c h a n i c a l l y ; s e t - u p a d j u s t m e n t s 
r e q u i r e p h y s i c a l a r r a n g e m e n t o f c o m p o n e n t s . 
F o r l a r g e r m a n i l a e n v e l o p e f a b r i c a t i o n , e n v e l o p e s a r e s e n t t o a 
m a c h i n e w h i c h a t t a c h e s e y e l e t s a n d m e t a l c l a s p s . E n v e l o p e s a r e f e d i n 
s m a l l s t a c k s m a n u a l l y t o t h e m a c h i n e w h i c h a t t a c h e s t h e s e u n i t s a n d 
a u t o m a t i c a l l y e j e c t s t h e b l a n k s . O p e r a t i o n s o t h e r t h a n f e e d i n g a r e a u t o ­
m a t i c , w i t h t h e e y e l e t s a n d c l a s p s b e i n g o r i e n t e d a n d f e d f r o m a b a r r e l 
f e e d e r . M a c h i n e r y u s e d f o r f o l d i n g a n d g l u e i n g t h e l a r g e r e n v e l o p e s i s 
o l d e r t h a n t h o s e p r e v i o u s l y m e n t i o n e d . O p e r a t o r f u n c t i o n s a r e f e e d i n g , 
b u l k u n l o a d i n g , a n d c l e a r i n g o c c a s i o n a l j a m s . 
I n a n o t h e r s e c t i o n o f t h e p l a n t , t h e c o m p a n y m a k e s c u s t o m b o x e s 
f o r s h i p m e n t o f i t s p r o d u c t s f r o m c o r r u g a t e d b o a r d , a n d c a r d b o a r d . T h r e e 
m a n u a l l y o p e r a t e d m a c h i n e s f o r c u t t i n g , c r e a s i n g a n d m e t a l s t i t c h i n g a r e 
u s e d i n t h i s o p e r a t i o n w h i c h w a s o f r e l a t i v e l y l o w v o l u m e . N o n e o f t h e 
u n i t s w e r e i n o p e r a t i o n a t t h e t i m e o f t h e v i s i t . 
F i n i s h e d p a c k a g e d p r o d u c t s a r e m o v e d t o a s t o r e r o o m o n d o l l i e s 
a n d e i t h e r p l a c e d i n s t o c k , o r a r e f u r t h e r m a n u a l l y u n i t i z e d i n l a r g e r 
b o x e s f o r s h i p m e n t . P a l l e t i z i n g i s c o n s i d e r e d n o t w a r r a n t e d i n v i e w o f 
t h e s m a l l s i z e o f s h i p m e n t s . A f t e r f i n a l p a c k a g i n g , t h e c o n t a i n e r s a r e 
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h a n d t a p e d a n d s e n t t o o u t g o i n g t r a n s p o r t a t i o n . 
MANAGEMENT OPINIONS 
T h e p r e s i d e n t o f P l a n t F o u r w a s c o n t a c t e d w h o r e l a t e d t h a t h i s 
o r g a n i z a t i o n w a s f o l l o w i n g t h e d e v e l o p m e n t s i n a u t o m a t i o n * T h e i m p r e s ­
s i o n w a s m a d e , h o w e v e r , t h a t h i s r e f e r e n c e w a s t o m a n u f a c t u r e r ' s m a c h ­
i n e r y d e v e l o p m e n t s r a t h e r t h a n c u s t o m i n s t a l l a t i o n s o r t h e f u n c t i o n a l 
c o n s i d e r a t i o n s o f t h e p r o c e s s * T h e p o t e n t i a l l o s s o f f l e x i b i l i t y t h r o u g h 
a u t o m a t i c i n s t a l l a t i o n s w a s r e c o g n i z e d a s a c r i t i c a l f a c t o r * 
P R O D U C T C O N S I D E R A T I O N S 
R e d u c e d t o i t s m o s t b a s i c f u n c t i o n s , t h e p r o d u c t o f P l a n t F o u r i s 
a n e n c l o s u r e f o r i n f o r m a t i o n c a r r y i n g p a p e r w h i c h s e r v e s t o p r o t e c t t h e 
c o n t e n t s , s t o r e t r a n s m i s s i o n i n f o r m a t i o n , a n d o c c a s i o n a l l y a s a n a d v e r ­
t i s i n g m e d i u m . 
T h e r e i s a p o s s i b i l i t y o f f a b r i c a t i n g t h e e n c l o s u r e s f r o m a n o t h e r 
m a t e r i a l t h o u g h i t i s d o u b t f u l t h a t a n e c o n o m i c a l s u b s t i t u t e f o r p a p e r 
c a n b e f o u n d . 
T h e f o l d i n g p a t t e r n s o f t h e e n v e l o p e s c o u l d b e r e d e s i g n e d f o r m o r e 
e c o n o m i c a l o r l e s s c o m p l e x m a c h i n e r y . T h e c u r r e n t p a t t e r n s r e q u i r e f o l d ­
i n g i n t w o d i r e c t i o n s , h o w e v e r , i f t h e e n v e l o p e s w e r e c u t s o t h a t t h e 
b o t t o m o f a b l a n k c o u l d f o l d u p a n d f o r m t h e b a c k , f o l d i n g o n o n e d i r e c ­
t i o n a l f o l d i n g m a c h i n e r y c o u l d b e u s e d . T h e s h a r p e x p o s e d e d g e s o f t h e 
e n v e l o p e s m a y b e o b j e c t i o n a b l e a n d t h u s n e g a t e t h e p r a c t i c a l i t y o f t h i s 
f o l d i n g p a t t e r n . 
T h e p o s s i b i l i t y a l s o e x i s t s o f c u t t i n g f r o n t a n d b a c k s h e e t s s e p ­
a r a t e l y s o t h a t n o f o l d i n g i s r e q u i r e d ; t h i s a n d t h e a b o v e p o s s i b i l i t i e s 
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w i l l b e d i s c u s s e d f u r t h e r i n t h e P r o c e s s C o n s i d e r a t i o n s * 
P R O C E S S C O N S I D E R A T I O N S 
T h e f u n c t i o n o f t h e e n t i r e p r o c e s s i s t o p r o d u c e e n v e l o p e s f r o m 
r o l l s t o c k p a p e r . T h e m o s t o b v i o u s l y a p p l i c a b l e p r i n c i p l e i s t h a t o f 
p r o c e s s i n g m a t e r i a l i n c o n t i n u o u s f o r m . A n i d e a l s o l u t i o n f r o m t h e 
s t a n d p o i n t o f a u t o m a t i c i t y . t h o u g h p e r h a p s n o t f e a s i b l e f r o m a p r a c t i c a l 
v i e w p o i n t , i s t h a t o f p r o c e s s i n g m a t e r i a l f r o m c u t t i n g t o p a c k a g i n g i n 
o n e l o n g i n - l i n e m a c h i n e c o m p o u n d . T h i s h o w e v e r , p r e s e n t s t h e c h a r a c t e r ­
i s t i c p r o b l e m s o f t h e m u l t i - s t a t i o n c o n t i n u o u s m a c h i n e . . . t h a t o f c o m ­
p l e t e s t o p p a g e i n t h e e v e n t o f a c o m p o n e n t m a c h i n e f a i l u r e . 
I n o r d e r t o e f f e c t c o n t i n u o u s p r o c e s s i n g , t h e e n v e l o p e d i e c u t t i n g 
o p e r a t i o n s c o u l d b e p e r f o r m e d i n a m a n n e r s i m i l a r t o t h e p r i n t e r - c u t t e r 
o p e r a t i o n o f P l a n t T w o . I n t h i s c a s e , t h e e n v e l o p e s w o u l d b e c u t d i r e c t l y 
f r o m r o l l s t o c k , w h i c h m a y a l s o a l l o w i n c r e a s e d p a p e r u t i l i z a t i o n * T o 
a c h i e v e f l e x i b i l i t y , t w o o r m o r e p l a t e n c u t t e r s c o u l d b e u s e d s o t h a t o n e 
o r m o r e c o u l d b e c h a n g e d w h i l e t h e o t h e r w a s o p e r a t i n g . 
I f d e s i r e d , t h e p r i n t i n g f u n c t i o n s c o u l d b e p l a c e d i n t h i s m a c h i n e 
c o m p o u n d b e f o r e t h e c u t t i n g o p e r a t i o n s , b u t t h i s s t e p w o u l d g r e a t l y i n ­
c r e a s e i t s c o m p l e x i t y , r e q u i r i n g r e g i s t r a t i o n e q u i p m e n t a n d a m e a n s f o r 
r a p i d r u n c h a n g e s . I n t h a t t h e c u r r e n t p r i n t i n g p r e s s e s p r o c e s s f r o m f o u r 
t o f i v e l o t s p e r d a y , t h i s a d d i t i o n m a y n o t b e f e a s i b l e . A p o s s i b l e a l t e r ' 
n a t e t o t h i s a d d i t i o n i s l o a d i n g t h e o u t p u t o f t h e p l a t e n c u t t e r t o s t a n ­
d a r d m a g a z i n e s s o t h a t t h e s e m a g a z i n e s m a y f e e d t h e p r i n t i n g p r e s s e s . T h e 
m a j o r o p e r a t o r f u n c t i o n f o r t h e p r i n t i n g p r e s s e s i s l o a d i n g . I f s u c h 
m a g a z i n e s c o u l d b e d e s i g n e d , f r o m s h e e t m e t a l p e r h a p s , t h i s w o u l d g r e a t l y 
f a c i l i t a t e t h e a u t o m a t i c f e e d i n g o f s u b s e q u e n t m a c h i n e s . T r a n s p o r t a t i o n 
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of magazines between machines could be accomplished by roller conveyors, 
and live conveyor storage is a possibility. 
The window cutting machine function is hypothetically incorpor­
ated in the continuous cutter, thus eliminating this discrete operation. 
Maintenance of ink supplies and input materials in the individual 
printing processes may be facilitated by centralized off-normal indica­
tors. The use of magazines reloaded at the printing presses would again 
facilitate the automatic loading of the folder-gluers. 
The function of the folder-gluers is to make a container from a 
flat sheet of paper. This function could be accomplished by circumvent­
ing the folding operations through the use of two sheets of paper glued 
together, as mentioned in the Product Considerations. It is envisioned 
that two rolls of paper would be printed and fed to the cutter which 
would first cut envelope *lip !s* from one of the continuous sheets of 
paper, and apply glue to the other sheet in the outline of the envelope. 
It is then possible to press and bond the two sheets together, after 
which the envelopes can be cut from the two sheets. This action would 
eliminate the complex folding equipment now used, though one fold, that 
of the envelope flap, still must be made. If this one fold must be made 
it is then possible to cut the entire blank from one sheet so that the 
fold points are the flap and a ttfold-uptt so that the bottom half of the 
blank becomes the "back". This would eliminate much of the complexity 
of the folding machines. Again, this entire method is predicated on the 
acceptability of such an exposed-edge envelope. The major operator 
functions in the section of the process in which the eyelets and clamps 
are attached, are feeding and unloading. Again, the use of feed maga-
1 0 8 
z i n e s , a n d t h e a l t e r a t i o n o f t h e e j e c t i o n a p p a r a t u s t o f e e d a n o t h e r 
m a g a z i n e w o u l d f a c i l i t a t e t h e a u t o m a t i c i t y o f t h e s e a n d s u b s e q u e n t 
o p e r a t i o n s . T h o u g h t h i s r e q u i r e s t h a t o p e r a t o r s l o a d a n d u n l o a d t h e 
m a g a z i n e s , t h e f e e d i n g f r e q u e n c y w o u l d b e c o n s i d e r a b l y r e d u c e d ; i n a d ­
d i t i o n , i t m a y b e p o s s i b l e t o d e v i s e a n a u t o m a t i c i n d e x i n g u n i t t o 
s e q u e n t i a l l y f e e d m a g a z i n e s . 
T h e u s e o f a u t o m a t i c p a c k a g i n g e q u i p m e n t a t t h e t e r m i n a l p o i n t s 
o f t h e f i n a l o p e r a t i o n s m a y o r m a y n o t b e o f a d v a n t a g e o v e r m a n u a l 
p a c k i n g ; i f t h e p a c k e r s a l s o i n s p e c t t h e m a t e r i a l , v o l u m e c o n s i d e r a t i o n s 
a n d t h e c o m p l e x i t y o f t h e n e c e s s a r y a u t o m a t i c i n s p e c t i o n e q u i p m e n t m a y 
o b v i a t e t h e r e p l a c e m e n t o f t h e s e m a n u a l o p e r a t i o n s . 
T h e p r i n c i p l e o f p r o c e s s i n g m a t e r i a l i n c o n t i n u o u s f o r m h a s b e e n 
t h e p r i n c i p l e o f m o s t c o n c e r n i n t h i s a n a l y s i s . I n a d d i t i o n t o t h i s 
p r i n c i p l e , o t h e r s h a v i n g d i r e c t a p p l i c a t i o n a r e : 
F l e x i b i l i t y o f T o o l i n g 
A r t i f i c i a l C o n t i n u o u s a n d S e m i - C o n t i n u o u s P r o c e s s i n g 
M e c h a n i c a l F e e d i n g E q u i p m e n t 
A n a l y s i s o f O p e r a t o r F u n c t i o n s 
I n d i r e c t l y c o n c e r n e d a r e : 
M i n i m i z a t i o n o f R u n D i f f e r e n c e s 
L i v e S t o r a g e o f M a t e r i a l 
I n t e m a c h i n e T r a n s f e r 
C e n t r a l i z e d C o n t r o l 
R a t i o s c o m p u t e d f o r P l a n t F o u r a r e : 
P r o d u c t i o n V a l u e : E q u i p m e n t I n v e s t m e n t 3 , 5 7 
P a y r o l l : E q u i p m e n t I n v e s t m e n t 0 . 8 6 
E q u i p m e n t I n v e s t m e n t : N o . P r o d u c t i o n P e r s o n n e l $ 3 5 0 0 
P r o d u c t i o n V a l u e : N o . . P r o d u c t i o n P e r s o n n e l $ 1 2 , 5 0 0 
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P L O T F I V E 
P R O C E S S O B S E R V A T I O N S 
P l a n t F i v e m a n u f a c t u r e s b r a s s i e r e s i n l o t s w h i c h a r e c l o s e l y 
c o u p l e d w i t h s a l e s d e m a n d s . A n o p p o r t u n i t y w a s p r e s e n t e d f o r v i s i t i n g 
t h e f i r s t s e v e r a l o p e r a t i o n s o f t h e p r o c e s s , w h i c h c o n s i s t e d o f c u t t i n g 
m a t e r i a l f r o m c o n t i n u o u s b o l t s o f c l o t h , a n d s e v e r a l m i n o r s e w i n g o p e r ­
a t i o n s . 
R a w m a t e r i a l i n t h e f o r m o f c o n t i n u o u s b o l t s o f c l o t h i s r e c e i v e d 
b y t h e f i r m a n d i s m a n u a l l y c u t i n l e n g t h s a n d s t a c k e d i n l a y e r s o f f o u r 
o r f i v e d o a e n , d e p e n d i n g o n t h e m a t e r i a l , a n d t h e l o t s i z e o f t h e r u n . 
A c u t t i n g p a t t e r n i s l a i d o v e r t h e s e s t a c k s . T h e f i r m m a i n t a i n s a 
n u m b e r o f s t o c k p a t t e r n s o n m a s t e r s h e e t s , w h i c h a r e d u p l i c a t e d f o r p r o ­
d u c t i o n u s e . O c c a s i o n a l l y h a n d l a y o u t s a r e r e q u i r e d f o r s p e c i a l l o t s . 
F o r v o l u m e p r o d u c t i o n , s t a n d a r d p a t t e r n s a r e l a i d o n t h e s t a c k s 
o f c l o t h w h i c h a r e m o v e d t o a d i e c u t t e r l o c a t e d a t t h e e n d o f t h e l a y o u t 
t a b l e s . A n o p e r a t o r m a n u a l l y p o s i t i o n s d i e s r o u g h l y o v e r t h e p a p e r p a t ­
t e r n s , a c t u a t e s t h e p r e s s , a n d r e m o v e s t h e c u t p a t t e r n s t o a t a b l e b e ­
h i n d h i m w h e r e t h e p a t t e r n s a r e t i e d i n t o b u n d l e s b y a n o t h e r o p e r a t o r . 
T h e p r e s s o p e r a t o r m u s t s e l e c t f r o m a p p r o x i m a t e l y 1 0 t o 1 5 d i e s l o c a t e d 
o n t h e t a b l e . 
F o r p a t t e r n s t h a t d o n o t h a v e t h e v o l u m e r e q u i r e d t o w a r r a n t t h e 
u s e o f d i e s , c u t t i n g i s a c c o m p l i s h e d b y a m a n u a l l y g u i d e d p o w e r k n i f e ; a 
s k i l l e d o p e r a t o r t r a c e s t h e o u t l i n e o f t h e p a t t e r n a n d r e m o v e s t h e c l o t h 
i n s t a c k s a f t e r c u t t i n g e a c h p a t t e r n . 
F r o m t h e s e c u t t i n g o p e r a t i o n s , t h e p a t t e r n s a r e s e p a r a t e d a c c o r d ­
i n g t o s i z e a n d s h a p e ( o n e l o t i n c l u d e s p a t t e r n s f o r v a r i o u s p a r t s o f t h e 
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final product). Separated patterns are then stocked, awaiting later 
assembly operations. 
In a nearby area, shoulder straps and various pieces of trim are 
fabricated. Narrow strip material is sewed, cut, and otherwise prepared 
for later attachment to the finished garment. 
An automatic production machine has been designed and assembled 
by the company's machinist for the sewing of strap material. Ordinary 
production sewing machines have been altered with automatic feed equip­
ment and shut-off devices which stop the machine when the input material 
is depleted or when a thread breaks. Strip cloth is fed from a reel 
mounted underneath the machine, over a cut-off mechanism (which is 
actuated by the absence of feed strip pressure), through the sewing mecha 
nism, and finally to a container. One operator is required to replace 
the feed reels of the seven machines and repair the thread breakages. 
These machines continuously fold and sew the strap and trim material for 
the garments. 
The output containers are moved to a mechanical c u t t i n g unit which 
feeds from about eight such containers and simultaneously cuts the strips 
to length. The output of this machine is collected by the operators who 
catch the strips as they emerge and tie them into small bundles for 
further processing. The trim material is sent to later sewing operations 
while the shoulder straps require the threading of a metal length ad­
juster between long and short pieces of the shoulder strap. This intri­
cate operation is accomplished by handicapped persons to whom the com­
pany sends material. Finished material is received by the company from 
these outside workers in wire hampers, placed in in-process storage, and 
I l l 
l a t e r t r a n s p o r t e d t o f i n a l a s s e m b l y o p e r a t i o n s o n f o u r w h e e l d o l l i e s . 
P R O D U C T C O N S I D E R A T I O N S 
L i t t l e c a n b e s a i d a b o u t t h e f u n c t i o n a l u t i l i t y o f t h e p r o d u c t s 
o f P l a n t F i v e t h o u g h a c h a n g e i n t h e m a t e r i a l s a n d a c o n s e q u e n t f a b r i ­
c a t i n g m e t h o d s c h a n g e m a y b e a c c o m p l i s h e d . T h e p u r p o s e o f t h e m a n u ­
f a c t u r i n g o p e r a t i o n s i s t o t r a n s f o r m c l o t h i n t o c o n t o u r e d g a r m e n t s w h i c h 
i s a c c o m p l i s h e d b y c u t t i n g c l o t h i n t o s m a l l s e c t i o n s a n d s e w i n g t h e m t o ­
g e t h e r i n o r d e r t o f o r m a c o m p o u n d c u r v e . I f a m e a n s c o u l d b e d e v i s e d 
t o a l t e r t h e f i b e r t e x t u r e , s o t h a t a p i e c e o f f l a t c l o t h c o u l d b e 
s t r e t c h e d o r m o l d e d i n t o a c o m p o u n d c u r v e , t h e c u t t i n g a n d s e w i n g o p e r ­
a t i o n s c o u l d b e l a r g e l y e l i m i n a t e d a n d t h e p r o c e s s c o u l d b e p e r h a p s 
a u t o m a t i c a l l y p e r f o r m e d . 
P R O C E S S C O N S I D E R A T I O N S 
I n t h e c u t t i n g o p e r a t i o n s o b s e r v e d , t h e p r o c e s s f u n c t i o n i s t o 
s e p a r a t e c l o t h b y n e a t l y s e v e r i n g t h e f i b e r s i n a c c o r d a n c e w i t h v a r y i n g 
d e s i g n s . C o n s e q u e n t l y t h e v a r i a b l e w h i c h c h a n g e s b e t w e e n l o t s i s d i ­
r e c t i o n a l c u t t i n g i n f o r m a t i o n ( t h e v a r y i n g p a t t e r n s ) . I n t h e c a s e o f 
t h e s p e c i a l l o t s , t h e c u t t i n g i n f o r m a t i o n i s r e a d f r o m t h e o v e r l a y e d 
p a t t e r n s b y a n o p e r a t o r w h o g u i d e s t h e c u t t i n g k n i f e o n t h e b a s i s o f 
t h i s i n f o r m a t i o n . I n t h e c a s e o f d i e c u t t i n g , i n f o r m a t i o n r e g a r d i n g t h e 
p o s i t i o n o f t h e d i e a n d t h e p a r t i c u l a r d i e t o b e u s e d i s a l s o r e a d a n d 
i n t e r p r e t e d f r o m t h e p a t t e r n s b y a n o p e r a t o r . A n a n a l y s i s o f o p e r a t o r 
f u n c t i o n s s h o w s t h a t t h e y a r e p r i m a r i l y t h o s e o f i n t e r p r e t i n g i n f o r ­
m a t i o n c o n t a i n e d o n t h e p a t t e r n , a n d p e r f o r m i n g c u t t i n g a c t i o n s b a s e d o n 
t h i s i n f o r m a t i o n . 
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T h e p r i n c i p l e s o f f l e x i b i l i t y o f t o o l i n g , c o n t r o l o f f l e x i b l e 
t o o l i n g , a n d m a n u a l c o n t r o l e l i m i n a t i o n i n d i c a t e t h a t a f l e x i b l e a u t o ­
m a t i c m e a n s o f c o n t r o l l i n g t h e c u t t i n g i n s t r u m e n t i s d e s i r a b l e . 
A m o n g t h e p o s s i b i l i t i e s f o r t h e a u t o m a t i c i n t e r p r e t a t i o n o f t h i s 
i n f o r m a t i o n a r e a u t o m a t i c l i n e f o l l o w e r s w h i c h w i l l a c t u a t e c u t t i n g 
k n i v e s f r o m t h e i n f o r m a t i o n c o n t a i n e r o n t h e p r e s e n t , o r s l i g h t l y m o d i ­
f i e d o v e r l a y s . S e r v o - c o n t r o l l e d k n i v e s c o u l d m o v e i n a c c o r d a n c e w i t h 
t h e s i g n a l s f r o m a l i n e - f o l l o w i n g c o n t r o l s y s t e m . P a t t e r n i n f o r m a t i o n 
c o u l d a l s o b e c o n t a i n e d i n m e d i a o t h e r t h a n p a p e r p a t t e r n s , p u n c h e d 
t a p e f o r i n s t a n c e . N u m e r i c a l c o n t r o l o f t h e c u t t i n g k n i v e s w o u l d p r o ­
v i d e a n e x t r e m e l y f l e x i b l e s y s t e m , t h o u g h p o s s i b l y o n e u n j u s t i f i a b l y 
c o m p l e x . 
U s i n g t h e d e v e l o p e d i n d i c a t i o n o f p r o c e s s i n g m a t e r i a l i n c o n t i n ­
u o u s f o r m , i t i s t h e o r e t i c a l l y p o s s i b l e t o f e e d t h e b o l t s o f c o n t i n u o u s 
c l o t h t o a p l a t e n c u t t e r w h i c h w o u l d c u t t h r o u g h o n e s h e e t o f c l o t h , a n d 
p e r h a p s d r o p t h e c u t c l o t h p a t t e r n s t h r o u g h a c h u t e b u i l t i n t o t h e f e m a l e 
s e c t i o n o f t h e p l a t e n . T h i s h o w e v e r , m a y n o t b e o f a d v a n t a g e s i n c e o n l y 
o n e t h i c k n e s s o f c l o t h w o u l d b e c u t b y e a c h d e p r e s s i o n o f t h e p l a t e n , 
a n d t h e b o l t s a r e i n r e l a t i v e l y s h o r t c o n t i n u o u s l e n g t h s . A l s o , t h i s 
m e t h o d w o u l d r e q u i r e f r e q u e n t p l a t e n c h a n g e s u n l e s s t h e r u n s c o u l d b e 
l e n g t h e n e d o r t w o o r m o r e p l a t e n s w e r e u s e d . 
I n t h e s t r a p a n d t r i m o p e r a t i o n s , i t m a y b e o f a d v a n t a g e t o a p p l y 
a u t o m a t i o n t o t h e m a t e r i a l s h a n d l i n g f u n c t i o n b y c o m p o u n d i n g t h e c u t t i n g 
o p e r a t i o n s w i t h t h e a u t o m a t i c s e w i n g m a c h i n e s . A s t h e o p e r a t i o n n o w 
e x i s t s , c o n t i n u o u s s t r i p s o f c l o t h a r e m a n u a l l y m o v e d t o a n o t h e r l o c a t i o n 
f o r c u t t i n g ; i f o n e o r m o r e o f t h e c u t t i n g m a c h i n e s w e r e a t t a c h e d t o f e e d 
d i r e c t l y f r o m t h e o u t p u t o f t h e s e w i n g m a c h i n e s , h a n d l i n g o f m a t e r i a l s 
b e t w e e n t h e s e t w o f u n c t i o n s w o u l d b e e l i m i n a t e d . P r e s e n t o p e r a t o r 
f u n c t i o n s o n t h e c u t t i n g o p e r a t i o n a r e t h e p o s i t i o n i n g o f n e w s t o c k t o 
t h e c u t t i n g m a c h i n e , r e m o v i n g t h e o u t p u t o f t h e m a c h i n e , a n d u n i t i z i n g 
t h e r e m o v e d s t r i p s i n t o s m a l l b u n d l e s . O n e r e a s o n f o r t h i s t i e i n g o f 
s t r a p s i s t o a l l o w a n e a s y c o u n t o f t h e m a t e r i a l w h e n i t i s s e n t t o t h e 
r e s i d e n c e s o f h a n d i c a p p e d o p e r a t o r s f o r f u r t h e r w o r k i n g . T h i s f u n c t i o n 
c o u l d b e r e p l a c e d b y a c o u n t i n g m e c h a n i s m a t t a c h e d t o t h e o u t p u t o f t h e 
c u t t e r , w h i c h c o u l d f e e d t o t h e c u r r e n t l y u s e d w i r e h a m p e r s . I t i s e n ­
v i s i o n e d t h a t a n i n d e x i n g m e c h a n i s m w o u l d m o v e b a s k e t s i n t o f i l l i n g 
p o s i t i o n w h e n t h e p r e c e d i n g b a s k e t h a d r e c e i v e d t h e d e s i r e d n u m b e r o f 
s t r a p s . T h u s b y c o m b i n i n g t h e s e w i n g a n d c u t t i n g u n i t s , i t i s p o s s i b l e 
t o e l i m i n a t e t h e m a n u a l o p e r a t i o n s n e c e s s a r y f o r f e e d i n g a n d u n l o a d i n g 
o f t h e t w o m a c h i n e s . I t i s f e l t t h a t a m o r e d e t a i l e d s t u d y o f t h e s e 
o p e r a t i o n s w o u l d r e v e a l f u r t h e r p o t e n t i a l i t i e s . 
T h e p r i n c i p l e o f f u n c t i o n a l c o m p o n e n t a n a l y s i s i n d i c a t e s t h a t t h e 
s t r a p l e n g t h a d j u s t e r s h o u l d b e r e d e s i g n e d t o a l l o w t h i s o p e r a t i o n t o b e 
p e r f o r m e d a u t o m a t i c a l l y i n c o n j u n c t i o n w i t h t h e a u t o m a t i c s e w i n g a n d 
c u t t i n g o p e r a t i o n s . F u n c t i o n a l l y , t h e a d j u s t e r , w h i c h i s n o w a s s e m b l e d 
t o t h e t w o l e n g t h s o f s t r a p m a n u a l l y , s e r v e s t o a l l o w t h e g a r m e n t t o b e 
a d j u s t e d t o t h e w e a r e r s r e q u i r e m e n t s . P o s s i b l y t h e u s e o f a s m a l l 
b u c k l e w o u l d s e r v e t h e p u r p o s e , a n d w o u l d o n l y r e q u i r e t h r e a d i n g a n d 
s e w i n g o p e r a t i o n s o n o n e s i d e o f t h e s t r a p , t h o u g h b u c k l e h o l e s w o u l d 
h a v e t o b e p l a c e d i n t h e o t h e r . A n o t h e r v a r i a t i o n o f b u c k l e s e x i s t o n 
s o m e m e ^ s b o w t i e s w h i c h c o n s i s t o f a n o v a l , t h r o u g h w h i c h o n e l e n g t h 
o f t h e t i e i s t h r e a d e d a n d s e w n , a n d t h e o t h e r t h r e a d e d a n d f o l d e d b a c k 
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to buckle into small holes. Further detailed consideration of this 
function may open an avenue for the automatic performance of an other­
wise tedious manual task. 
In the analysis of Plant Five, the following principles have a 
direct potential application 
Functional Component Analysis 
Flexibility of Tooling 
Intermachine Transfer 
Control of Flexible Tooling 
Processing of Material in Continuous Form 
Manual Control Elimination 
Analysis of Operator Functions 
Mechanical Feeding Equipment 
The approximate value of production was not available from Plant 
Five however, the two ratios which could be computed are: 
Payroll : Equipment Investment 6.00 
Equipment Investment : No. of Production Personnel $ 313 
PLANT SIX 
PROCESS OBSERVATIONS 
Plant Six manufactures flourescent light fixtures and the neces­
sary components except for lamp sockets and transformers, which are pur­
chased. The major material used in this process is light gage steel 
which forms the exterior shades, transverse light deflectors, and the 
central supporting members. Ten major models are manufactured with ap­
proximately 80 variations. All models are produced in lots, with a 
single production line in use. 
The major supporting member for most fixtures is a "U" channel to 
which are attached the other component parts of the fixture. In other 
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models, a "V" channel is used as the central supporting member; to the 
"V" channel are attached the transverse members which diffuse the 
flourescent light. For one model of the "V" girder, the press blanks 
ll*l slots, I k holes, 12 extrusions, and 16 notches in a 96 inch section. 
This combined forming-punching operation is similar for the "U" member 
and the longitudinal side shades, or reflectors. 
The transverse members are manually fed to a smaller press in 
which they are punched and die cut from sheet stock. These units were 
observed in steel drums in which they were transported to a subassembly 
area. 
All stamped components for a particular lot are accumulated at a 
sub-assembly and conveyor loading area. The transverse members are 
manually assembled to a »?» girder; each separate member is manually in­
serted (with approximately Uo transverse members per fixture), tapped 
with a hammer to the correct position, and a metal rod inserted in the 
apex of the inverted "V* to retain the units. After this assembly, the 
transverse members were slightly deformed to prevent their movement. 
This assembly, and the side relectors are then manually loaded to an 
overhead, powered, monorail conveyor with hangers for transportation to 
a finishing process. In the finishing process, the metal parts are spray 
washed, phosphatized and rinsed, after which they are etched in a mild 
bath of chromic acid. The parts are dried, and are at a temperature of 
125° F. when the first coat of enamel is applied by operators using spray 
guns. The components then receive two coats of pure paint without thin­
ner. The paint is cured for 20 minutes at 300° F. in an automatically 
controlled oven. 
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T h e s e f i n i s h e d p a r t s a r e t h e n c o n v e y e d t o a f i n i s h i n g r o o m o n e 
f l o o r a b o v e t h e p r e c e d i n g o p e r a t i o n i n w h i c h t h e y a r e m a n u a l l y a s s e m b l e d 
w i t h s e l f t a p p i n g s c r e w s , c o m p o n e n t s ( s u c h a s t r a n s f o r m e r s ) i n s t a l l e d , 
w i r e d , t e s t e d , a n d p a c k a g e d . P a c k a g e s a r e m a n u a l l y p a l l e t i z e d , a n d 
p l a c e d i n s t o r a g e . 
j t o o n g t h e o p e r a t i o n s n o t o b s e r v e d w a s o n e o f s t r i p p i n g i n s u l a t i o n 
f r o m t h e e n d s o f w i r e l e a d s . A m e c h a n i c a l w i r e s t r i p p e r i s u s e d , b u t n o t 
c o n t i n u o u s l y s i n c e p r o d u c t i o n r e q u i r e m e n t s a r e m e t w i t h p a r t i a l o p e r a t i o n . 
T h e o p e r a t i o n o f d i e c a s t i n g a l u m i n u m s o c k e t e n c l o s u r e s w a s a l s o n o t o b ­
s e r v e d . 
I n o n e s u b - a s s e m b l y , a m e t a l s t r i p i s a t t a c h e d t o a p l a s t i c l a m p 
s o c k e t . T h i s o p e r a t i o n w a s a l s o n o t p e r f o r m e d a t t h e t i m e o f t h e v i s i t , 
b u t i t w a s s t a t e d t h a t m a n a g e m e n t i s c o n t e m p l a t i n g t h e u s e o f a d i a l 
f e e d i n d e x i n g t a b l e a n d p o w e r s c r e w d r i v e r s f o r t h i s f a b r i c a t i o n . 
M A N A G H f f i N T O P I N I O N S 
A m a n a g e m e n t m e m b e r o f P l a n t S i x w a s c o n t a c t e d a n d h i s o u t l o o k o n 
a u t o m a t i o n w a s d i s c u s s e d . T h e m a n a g e m e n t m e m b e r w a s a g r a d u a t e e n g i n e e r , 
a n d a l s o w a s a c t i n g a s p r o d u c t i o n s u p e r i n t e n d e n t ; a n i m p r e s s i o n w a s m a d e 
t h a t h e h a d a n a b o v e a v e r a g e u n d e r s t a n d i n g o f c u r r e n t t e c h n o l o g i c a l d e ­
v e l o p m e n t s a n d s t a t e d w o r d s t o t h e e f f e c t t h a t h i s o r g a n i z a t i o n w a s p u r ­
s u i n g a u t o m a t i o n a p p l i c a t i o n s a g g r e s s i v e l y . D u r i n g t h e p r o c e s s v i s i t , 
t h e m a n a g e m e n t m e m b e r p o i n t e d o u t o p p o r t u n i t i e s f o r t h e a p p l i c a t i o n o f 
s p e c i f i c a u t o m a t i c a l l y c o n t r o l l e d e q u i p m e n t . H e s t a t e d t h a t h i s o r g a n ­
i z a t i o n w a s c u r r e n t l y c o n s i d e r i n g t h e m e n t i o n e d a p p l i c a t i o n s , b u t t h a t 
p r e s e n t v o l u m e w a s i n s u f f i c i e n t t o w a r r a n t t h e i n s t a l l a t i o n s . 
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PRODUCT CONSIDERATIONS 
Functionally, the product is a supporting and reflecting unit for 
floursscent tubes. The present standard designs of flourescent tubes 
provides little potential change in the existing functional design of 
the product. It is required that they support the standard tubes and ef­
ficiently reflect light; this allows little deviation from existing de­
signs. 
Much of the work performed on the present components of the fix­
tures is that of assembly and fastening. If a means of manufacturing 
components integrally could be devised, many of these operations could 
be eliminated. Consequently a change in raw material may allow such 
fabrication; specifically, the possibility exists of molding the central 
and transverse members from a precolored plastic. This would eliminate 
manual assembly of these units and possibly their painting. The entire 
unit could potentially be manufactured by a plastic molding process, as 
could each of the component parts. Although many of the molding pro­
cesses are not highly automatic, their use would eliminate many of the 
current manual assembly operations. 
PROCESS CONSIDERATIONS 
The plastic molding method discussed above allows the application 
of the processing of continuous material principle if injection molding 
can be used. Raw material in the form of plastic granules can be contin­
uously handled and fed to the molding machine. If for instance, the 
central and transverse members were cast integrally and the side reflec­
tors separately, then the entire painting and surface treating operations 
could be eliminated through assembly with self-tapping screws, or other 
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f a s t e n e r s w o u l d b e r e q u i r e d . O t h e r c o m p o n e n t s s u c h a s s o c k e t s a n d 
t r a n s f o r m e r s w o u l d s t i l l h a v e t o b e m o u n t e d . I n j e c t i o n m o l d i n g , w h i l e 
a u t o m a t i c i n m a n y r e s p e c t s , w o u l d r e q u i r e t h e a t t e n t i o n o f a n o p e r a t o r . 
C o n c e r n i n g t h e e x i s t i n g p r o c e s s , t h e r e i s a n o p p o r t u n i t y t o u s e 
t h e p r i n c i p l e s o f c o n t i n u o u s f o r m m a t e r i a l a n d m e c h a n i c a l f e e d i n g e q u i p ­
m e n t i n t h e p r e s s o p e r a t i o n f o r t h e s t a m p i n g o f t r a n s v e r s e m e m b e r s . A n 
a u t o m a t i c f e e d f o r t h i s p r e s s w o u l d b e f a c i l i t a t e d b y u s i n g r o l l s t o c k 
i n s t e a d o f s h e e t s t o c k . T h e r o l l s t o c k c o u l d b e f e d t o t h e p r e s s c o n ­
t i n u o u s l y w i t h o u t a t t e n t i o n b y i n d e x i n g t h e m a t e r i a l m e c h a n i c a l l y ; t h e 
c o n t r o l s f o r t h e i n d e x a n d t h e p r e s s a c t u a t i o n w o u l d n e c e s s a r i l y h a v e t o 
b e c o u p l e d . T h e p h y s i c a l r e l o c a t i o n o f t h i s p r e s s t o t h e a s s e m b l y a r e a 
w o u l d a l s o f a c i l i t a t e m a t e r i a l s h a n d l i n g t h o u g h n o t d i r e c t l y c o n t r i b u t ­
i n g t o t h e a u t o m a t i c i t y o f t h e p r o c e s s . 
T h e t r a n s v e r s e d e f l e c t o r s a r e u s e d f o r m a n y m o d e l s o f f i x t u r e s , 
w h i l e t h e c e n t r a l m e m b e r a n d s i d e d e f l e c t o r s a r e n o t ; c o n s e q u e n t l y t h e 
r u n s f o r t h e s e i t e m s a r e r e l a t i v e l y s h o r t , a n d i n a d d i t i o n t o t h e i n ­
h e r e n t d i f f i c u l t i e s o f d i e c h a n g i n g f o r t h e p r e s s o n w h i c h t h e y a r e 
f a b r i c a t e d , t h e a u t o m a t i o n o f t h i s o p e r a t i o n i s a p p a r e n t l y n o t f e a s i b l e . 
T h e p r i n c i p l e o f m o d u l a r c o o r d i n a t i o n m a y b e o f u s e i n r e d u c i n g t h e 
n u m b e r o f r u n c h a n g e s a n d h e n c e i n c r e a s i n g t h e p o t e n t i a l f o r u s i n g a u t o ­
m a t i c e q u i p m e n t i n t h i s o p e r a t i o n . 
T h e f i r s t a s s e m b l y o p e r a t i o n i s o n e o f m a n u a l l y a s s e m b l i n g t h e 
t r a n s v e r s e m e m b e r s t o t h e c e n t r a l g i r d e r . I n t h e e x i s t i n g f i x t u r e s , s l o t s 
a r e c u t i n t h e c e n t r a l m e m b e r a n d t h e t r a n s v e r s e u n i t s a r e i n s e r t e d a n d 
s e c u r e d w i t h a r o d i n t h e a p e x o f t h e 1 1 V " g i r d e r . T h e i n s e r t i o n o f t h e 
r o d m a k e s m a c h i n e a s s e m b l y p a r t i c u l a r l y d i f f i c u l t . T h e f u n c t i o n a l c o m -
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p o n e n t a n a l y s i s p r i n c i p l e i n d i c a t e s e a c h o f t h e s e u n i t s s h o u l d b e e x ­
a m i n e d f o r p o s s i b l e r e d e s i g n s o a s t o f a c i l i t a t e m a c h i n e a s s e m b l y * T h e 
f u n c t i o n o f t h e s l o t s i s t o e s t a b l i s h t h e p o s i t i o n o f t h e t r a n s v e r s e 
m e m b e r s a n d i n c o n j u n c t i o n w i t h t h e r o d , t o r e t a i n t h e m i n p l a c e * A n 
a l t e r n a t e m e a n s o f f a s t e n i n g t h e s e u n i t s i s t o b l a n k t h e t r a n s v e r s e 
m e m b e r s s o a s t o f i t " a r o u n d " t h e V m e m b e r r a t h e r t h a n t o s l o t i n t o i t * 
T h e t r a n s v e r s e m e m b e r c o u l d a l s o b e b l a n k e d w i t h l u g s o n e a c h s i d e o f 
t h e " V " t o f i t i n t o a p p r o p r i a t e o p e n i n g s i n t h e c e n t r a l g i r d e r . S m a l l 
s l o t s c o u l d b e c u t i n t o t h e a p e x o f t h e c e n t r a l " V " g i r d e r t o p o s i t i o n 
t h e t r a n s v e r s e m e m b e r s . C o n s e q u e n t l y t h e r e t a i n i n g r o d c o u l d b e e l i m ­
i n a t e d w i t h t h e r e t a i n i n g f u n c t i o n n o w a c c o m p l i s h e d b y a f o r c e f i t o f 
t h e t r a n s v e r s e m e m b e r t o t h e g i r d e r ( b e i n g r e t a i n e d b y t h e l u g s ) * I t 
i s n o w c o n c e i v a b l e t h a t t h e t r a n s v e r s e m e m b e r s c o u l d b e f e d t o a p o s i t ­
i o n i n g u n i t w h i c h w o u l d f o r c e t h e m o n t h e t r a n s v e r s e m e m b e r e i t h e r 
s e r i a l l y a s t h e c e n t r a l g i r d e r i n d e x e d p a s t t h e f i t t i n g s t a t i o n , o r a l l 
a t t h e s a m e t i m e w i t h a n u m b e r o f f i t t i n g u n i t s m o u n t e d o v e r t h e g i r d e r 
p o s i t i o n . 
A f t e r t h i s s u b - a s s e m b l y , a l l u n i t s a r e m o u n t e d o n a n o v e r h e a d 
m o n o r a i l c o n v e y o r f o r a u t o m a t i c s u r f a c e t r e a t i n g a n d m a n u a l p a i n t i n g . 
F u n c t i o n a l l y , t h e p a i n t i n g o p e r a t i o n s a r e d e s i g n e d t o p r o t e c t t h e 
m e t a l s u r f a c e a n d p r o v i d e a p l e a s i n g a p p e a r a n c e t o t h e p r o d u c t . T h e r e 
e x i s t s t h e p o s s i b i l i t y o f e l i m i n a t i n g t h e p a i n t i n g o p e r a t i o n c o m p l e t e l y 
t h r o u g h t h e u s e o f a n o d i z e d a l u m i n i u m o r o t h e r s i m i l a r l y t r e a t e d m e t a l 
t h o u g h t h i s m a y c a u s e u n d e s i r a b l e r e f l e c t i v e c h a r a c t e r i s t i c s o f t h e f i x ­
t u r e . 
O p e r a t o r f u n c t i o n s a r e b a s i c a l l y t h o s e o f p o s i t i o n i n g t h e p a i n t 
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spray to unpainted surfaces of the parts. The possibility exists of 
utilizing an electro-static spraying unit for this operation; management 
is currently aware of this possibility, but, it was stated, volume con­
siderations prohibit the installation. As was discussed in the Product 
Considerations, the use of pre-colored plastic would eliminate the paint­
ing operations completely. 
Regarding the assembly of components, this operation is currently 
performed manually on a production line basis. Run changes necessitate 
considerable flexibility in these operations and the principle of flex­
ible tooling would direct attention to an extremely complex machine. A 
method of feasibly automating the assembly operations is not apparent. 
Principles which have a theoretically direct application are: 
Processing of Material in Continuous Form 
Functional Component Analysis 
The ratios of Plant Six are as follows: 
Production Value : Equipment Investment 10.0 
Payroll : Equipment Investment 0.9 
Equip. Investment : No. Production Personnel $ 2 , 8 5 7 
Production Value s No. Production Personnel $28 , 5 7 1 
PLANT SEVEN 
PROCESS OBSERVATIONS 
Plant Seven rebuilds automotive generators, carburetors, clutches, 
brake shoes, distributors and starter mechanisms. These units are re­
ceived from automobile repair firms and other sources in used condition. 
Units are received in the plant from trucks, and are manually handled in 
the transit material handling area. Units are then segregated, degreased 
121 
a n d s u b j e c t e d t o o t h e r c h e m i c a l t r e a t m e n t s t o r e m o v e d i r t , r u s t , a n d 
o t h e r f o r e i g n o b j e c t s . P a r t s a r e m a n u a l l y p l a c e d i n t o a n d r e m o v e d f r o m 
t h e v a r i o u s b a t h s . S o m e p a r t s a r e f u r t h e r c l e a n e d i n t u m b l i n g m i l l s a n d 
s a n d b l a s t i n g m a c h i n e s b e f o r e d i s a s s e m b l y o p e r a t i o n s , w h i l e o t h e r s a r e 
d i s a s s e m b l e d f i r s t , a n d c l e a n e d a f t e r w a r d . 
D i s a s s e m b l e d p a r t s a r e c l e a n e d , r e f i n i s h e d o r r e p l a c e d a s n e c e s s a r y . 
A l l d i s a s s e m b l y a n d a s s e m b l y o p e r a t i o n s a r e m a n u a l . P o w e r e d m e c h a n i c a l 
e q u i p m e n t w a s u s e d i n s e v e r a l o p e r a t i o n s , b u t w i t h o u t a u t o m a t i c c o n t r o l s . 
A f t e r r e a s s e m b l y a n d t e s t i n g , t h e p a r t s a r e m a n u a l l y m o v e d t o a 
p a c k a g i n g a r e a , p a c k e d , a n d p l a c e d i n s t o c k f o r s h i p m e n t . 
MANAGEMENT OPINIONS 
T h e o n e m a n a g e m e n t m e m b e r o f P l a n t S e v e n p r o f e s s e d u n f a m i l i a r i t y 
w i t h a u t o m a t i o n , a n d s t a t e d t h a t h e h a d n o t c o n s i d e r e d r e v i s i n g t h e p r o ­
c e s s t o a c h i e v e i n c r e a s e d a u t o m a t i c i t y . O b s e r v a t i o n s i n d i c a t e d t h a t 
m a n a g e m e n t w a s t e c h n o l o g i c a l l y c o n s e r v a t i v e . 
P R O D U C T C O N S I D E R A T I O N S 
P l a n t S e v e n i s u n i q u e i n t h a t i t s i n c o m i n g p r o d u c t s d e t e r m i n e t h e 
s p e c i f i c n a t u r e o f t h e f i n i s h e d p r o d u c t , a n d c o n v e r s e l y , t h e f i n i s h e d 
p r o d u c t d e t e r m i n e s s p e c i f i c a l l y t h e n a t u r e o f t h e r e q u i r e d r a w m a t e r i a l s . 
F o r e x a m p l e , i f t h e p r o c e s s f u n c t i o n i s t o r e b u i l d a F o r d g e n e r a t o r , t h e 
r a w m a t e r i a l m u s t b e a u s e d F o r d g e n e r a t o r ; a l s o i f a F o r d c l u t c h p l a t e 
i s r e c e i v e d a s r a w m a t e r i a l , t h e o r g a n i z a t i o n h a s n o c h o i c e o t h e r t h a n t o 
r e b u i l d t h a t m o d e l c l u t c h p l a t e . C o n s e q u e n t l y , f u n c t i o n a l p r o d u c t c o n ­
s i d e r a t i o n s s u g g e s t n o p o s s i b i l i t y o f s u b s t i t u t i n g a n o t h e r p r o d u c t w h i c h 
w i l l p e r f o r m t h e s a m e f u n c t i o n w i t h o u t a l t e r i n g t h e i n c o m i n g m a t e r i a l . 
122 
P R O C E S S C O N S I D E R A T I O N S 
T h e p r o c e s s c a n b e d i v i d e d i n t o t h e f o l l o w i n g o p e r a t i o n s : c l e a n i n g , 
d i s a s s e m b l y , a d d i t i o n a l c l e a n i n g , r e f i n i s h i n g , r e a s s e m b l y , a n d r e p l a c e ­
m e n t o f u n s a t i s f a c t o r y p a r t s . D u e t o t h e l o t p r o d u c t i o n a n d t h e p o t e n t i a l 
v a r i a t i o n s w i t h i n t h e l o t s , t h e p r o c e s s r e q u i r e s a h i g h d e g r e e o f f l e x i ­
b i l i t y . N e v e r t h e l e s s , t h e p r i n c i p l e s o f a r t i f i c i a l c o n t i n u o u s p r o c e s s i n g 
a n d s i m i l a r r u n - t o - r u n o p e r a t i o n s i n d i c a t e t h a t t h e r e m a y b e a p o t e n t i a l 
f o r s e g r e g a t i n g t h o s e o p e r a t i o n s w h i c h a r e i d e n t i c a l f o r a l l l o t s a n d 
p e r f o r m i n g t h e m o n a c o n t i n u o u s b a s i s . 
O f t h e s i x m a j o r o p e r a t i o n s o f t h e p r o c e s s , i n i t i a l c l e a n i n g a n d 
s o m e o f t h e r e c l e a n i n g o p e r a t i o n s a r e c o m m o n t o a l l p r o d u c t s ; t h e o p e r ­
a t i o n s a r e c u r r e n t l y p e r f o r m e d b y m a n u a l l y i m m e r s i n g t h e u n i t s i n c l e a n ­
i n g a n d d e g r e a s i n g b a t h s a n d s a n d b l a s t i n g u n i t s . 
I t i s c o n c e i v a b l e t h a t p r o d u c t s c o u l d b e l o a d e d i n t o w i r e b a s k e t s 
a t t a c h e d t o a n o v e r h e a d p o w e r c o n v e y o r f o r c o n t i n u o u s t r a n s p o r t a t i o n t o 
a n d i m m e r s i o n i n t h e c h e m i c a l s o l u t i o n s . T h e o v e r h e a d r a i l c a n , o f c o u r s e 
b e d e s i g n e d t o d i p i n t o e a c h o f t h e b a t h s a n d t o r e m o v e t h e b a s k e t s a f t e r 
t r a v e r s i n g t h e l e n g t h o f t h e b a t h . R a t h e r t h a n a c o n t i n u o u s l y m o v i n g c o n ­
v e y o r , a n i n d e x i n g c o n v e y o r , o r a c o m b i n a t i o n o f a n i n d e x i n g a n d c o n t i n ­
u o u s l y m o v i n g c o n v e y o r c o u l d b e u s e d ; t h e u s e o f o n e o f t h e s e m e t h o d s 
d e p e n d s o n t h e l e n g t h o f t i m e t h e p r o d u c t s m u s t r e m a i n i n t h e b a t h s , t h e 
s p a c e a v a i l a b l e f o r t h e b a t h s , a n d t h e v o l u m e o f p r o d u c t s t o b e c l e a n e d . 
E i t h e r p r i o r t o o r a f t e r t h e c l e a n i n g o p e r a t i o n s , t h e p r o d u c t s 
c o u l d b e a u t o m a t i c a l l y s e g r e g a t e d , i f s u c h i s n e c e s s a r y , b y w e i g h t . I f 
e a c h t y p e p r o d u c t h a s a w e i g h t r a n g e w h i c h i s d i f f e r e n t f r o m a n y o t h e r 
t y p e p r o d u c t , i t i s p o s s i b l e t o d e s i g n a d i s t r i b u t i o n s y s t e m w h i c h w o u l d 
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c h a n n e l e a c h t y p e u n i t a c c o r d i n g t o i t s f u n c t i o n * D i s t r i b u t i o n i n f o r ­
m a t i o n w o u l d b e d e t e c t e d f r o m a s c a l e a n d w o u l d c a u s e a d i s t r i b u t i n g 
e f f e c t o r ( s u c h a s a c h a n n e l i n g a r m o n a s e r i e s o f c o n v e y o r e n t r a n c e s ) t o 
c h a n n e l t h e p a r t t o o n e o f a n u m b e r o f c o n v e y o r s o r t o o p e n a d r o p c h u t e 
t o a c o n t a i n e r . 
A s u r v e y o f t h e r e m a i n i n g p r i n c i p l e s h a s s u g g e s t e d n o i n d i c a t i o n s 
f o r p o t e n t i a l a u t o m a t i c i t y o f t h e a s s e m b l y o p e r a t i o n s ; a t h o r o u g h a n a l y s i s 
o f t h e o p e r a t o r f u n c t i o n s , a n d i n g e n e r a l , a m o r e d e t a i l e d o b s e r v a t i o n o f 
t h e s e o p e r a t i o n s , w o u l d b e o f b e n e f i t . 
I n a d d i t i o n t o t h e c o n s i d e r a t i o n w h i c h P l a n t S e v e n s h o u l d g i v e t o 
a u t o m a t i c i n s t a l l a t i o n s , i t h a s b e e n o b s e r v e d t h a t t r a d i t i o n a l i n d u s t r i a l 
e n g i n e e r i n g t e c h n i q u e s c o u l d b e o f b e n e f i t a n d m a n a g e m e n t s h o u l d a l s o i n ­
v e s t i g a t e t h e s e p o s s i b i l i t i e s . 
T h e p r i n c i p l e s w h i c h h a v e t h e o r e t i c a l d i r e c t a p p l i c a t i o n s a r e : 
A r t i f i c i a l C o n t i n u o u s P r o c e s s i n g 
S i m i l a r R u n - t o - R u n O p e r a t i o n s 
O p e r a t i n g r a t i o s c a l c u l a t e d a r e : 
P r o d u c t i o n V a l u e : E q u i p m e n t I n v e s t m e n t 1 0 . 0 
P a y r o l l : E q u i p m e n t I n v e s t m e n t 1 . 9 5 
E q u i p m e n t I n v e s t m e n t : N o * P r o d u c t i o n P e r s o n n e l $ 8 8 9 
P r o d u c t i o n V a l u e : N o . P r o d u c t i o n P e r s o n n e l $ 8 , 9 0 0 
P L A N T E I G H T 
P R O C E S S O B S E R V A T I O N S 
P l a n t E i g h t m a n u f a c t u r e s w r i t i n g i n s t r u m e n t s * V a r i o u s m o d e l s o f 
m e c h a n i c a l p e n c i l s , b a l l p o i n t p e n s , a n d f o u n t a i n p e n s a r e f a b r i c a t e d 
f r o m p l a s t i c , m e t a l , a n d r u b b e r . O n l y o b s e r v a t i o n s o f t h e m a n u f a c t u r e o f 
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b a l l p o i n t p e n s a n d m e c h a n i c a l p e n c i l s w e r e m a d e * T h e c o m p o n e n t s o f t h e 
p e n s a n d p e n c i l s a r e c o n t a i n e d i n a c y l i n d r i c a l b a r r e l w h i c h i s m a d e o f 
p l a s t i c * M e t a l t r i m , p o c k e t c l i p s a n d p o i n t s a r e a t t a c h e d t o t h e b a r r e l 
e x t e r i o r a n d o t h e r o p e r a t i n g c o m p o n e n t s a r e c o n t a i n e d i n s i d e t h e b a r r e l * 
T h e m a j o r i t y o f t h e i n t e r i o r p a r t s f o r t h e m e c h a n i c a l p e n c i l a r e m e t a l , 
w h i l e t h o s e o f t h e b a l l p o i n t p e n s a r e m e t a l a n d p l a s t i c * P r o d u c t i o n f o r 
m o s t m o d e l s i s c o n t i n u o u s . 
M a n u f a c t u r e o f t h e p l a s t i c b a r r e l s i s p e r f o r m e d i n a u t o m a t i c i n ­
j e c t i o n m o l d i n g m a c h i n e s * T h e r m o p l a s t i c r e s i n c h i p s a r e r e c e i v e d i n p a l l e t 
l o a d s i n t h e m o l d i n g r o o m a n d b a t c h e s o f t h e s e c h i p s a r e l o a d e d t o m a c h i n e 
f e e d i n g h o p p e r s . T h e r a w m a t e r i a l i s a u t o m a t i c a l l y m e a s u r e d , h e a t e d , a n d 
i n j e c t e d i n t o t h e m o l d s . O p e r a t o r f u n c t i o n s a r e p r i m a r i l y t h o s e o f l o a d ­
i n g o f t h e h o p p e r , w h e n r e q u i r e d , a n d u n l o a d i n g m a t e r i a l w h e n t h e m o l d 
o p e n s * T h e s e f u n c t i o n s v a r y a c c o r d i n g t o t h e m o d e l o f t h e m a c h i n e ; i n 
s o m e u n i t s , t h e b a r r e l s a r e a u t o m a t i c a l l y u n l o a d e d a n d t h e o p e r a t o r r e m o v e s 
t h e r u n n e r s a n d s p r u e s . I n o t h e r s , t h e o p e r a t o r m u s t u n l o a d a b a t t e r y o f 
b a r r e l s w h i l e s t i l l a t t a c h e d t o t h e s p r u e s , a n d l o a d m e t a l p o i n t s t o t h e 
m o l d w h i c h a r e t o b e m o l d e d i n t e g r a l w i t h t h e b a r r e l s * A l s o m a n u f a c t u r e d 
b y i n j e c t i o n m o l d i n g a r e t h e p l a s t i c i n k t u b e s u s e d i n b a l l p o i n t p e n s . 
I n t h o s e c a s e s w h e r e t h e b a r r e l s a r e n o t a u t o m a t i c a l l y s e v e r e d f r o m 
t h e r u n n e r s , t h e y a r e m a n u a l l y b r o k e n a t t h e r u n n e r g a t e ; t h e o p e r a t o r 
a l s o p e r f o r m s a 1 0 0 p e r c e n t i n s p e c t i o n a n d d i s c a r d s t h e u n s a t i s f a c t o r y 
b a r r e l s f o r r e u s e i n t h e m o l d i n g p r o c e s s . I n o t h e r i n s t a n c e s , i t i s n e c e s ­
s a r y t o s a w t h e t o p o f t h e b a r r e l t o r e m o v e t h e r u n n e r ; t h i s i s a c c o m p l ­
i s h e d w i t h a s p e c i a l c u t - o f f m a c h i n e . A n o p e r a t o r p o s i t i o n s f o u r b a r r e l s 
( a t t a c h e d t o a r u n n e r ) t o a w o r k h o l d i n g c o n v e y o r w h i c h m o v e s t h e b a r r e l s 
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i n c o r r e c t o r i e n t a t i o n t h r o u g h a s a w . I n d i v i d u a l b a r r e l s a r e t h e n d r o p -
u n l o a d e d t o a n o t h e r o p e r a t o r w h o i n s p e c t s t h e u n i t s . A l l s c r a p a n d r e ­
j e c t e d p a r t s f r o m t h e s e o p e r a t i o n s a r e g r o u n d i n t o c h i p s f o r r e u s e . 
M o s t m e t a l p a r t s a r e b l a n k e d , d r a w n a n d f o r m e d i n p r e s s e s . T h e 
p r e s s o p e r a t i o n s a r e c h a r a c t e r i z e d b y a u t o m a t i c f e e d i n g o f c o i l s t e e l a n d 
a u t o m a t i c e j e c t i o n o f s c r a p a n d f i n i s h e d p a r t s . O n e o p e r a t o r t e n d s a 
n u m b e r o f p r e s s e s , t h e m a j o r o p e r a t o r f u n c t i o n b e i n g t h a t o f r e l o a d i n g 
c o i l s t o c k . I n o n e p r e s s o p e r a t i o n , m e t a l e r a s e r r e c e p t a c l e s a r e f o r m e d 
a n d r u b b e r e r a s e r s a r e a s s e m b l e d t o t h e r e c e p t a c l e s , b o t h b e i n g f e d t o 
a n d p o s i t i o n e d b y a d i a l f e e d . T h e o u t p u t o f t h e o p e r a t i o n i s f i n i s h e d 
e r a s e r s u b - a s s e m b l i e s , r e a d y f o r f i n a l a s s e m b l y . 
I n a d d i t i o n t o t h e p r e s s o p e r a t i o n s v a r i o u s o t h e r u n i t s o f s p e c i a l ­
i z e d m a c h i n e r y a r e u s e d ; a m o n g t h e m i s a n a u t o m a t i c s p r i n g w i n d i n g m a c h ­
i n e , a u t o m a t i c s c r e w m a c h i n e s * a n d u n i t s f o r p r o d u c i n g t h e b a l l f o r t h e 
b a l l p o i n t p e n s . A g a i n , t h e m a c h i n e r y i s c h a r a c t e r i z e d b y a u t o m a t i c 
f e e d i n g a n d e j e c t i o n o f p a r t s w i t h t h e m a j o r o p e r a t o r f u n c t i o n s c o n s i s t ­
i n g o f b u l k r e l o a d i n g a n d i n s p e c t i o n . 
T h e b a l l p r o d u c i n g p r o c e s s d i f f e r s f r o m t h e r e m a i n d e r o f t h e m e t a l 
f a b r i c a t i n g o p e r a t i o n s s i n c e t h e m a c h i n i n g t i m e i s r e l a t i v e l y l o n g f o r a 
p h y s i c a l l y s m a l l v o l u m e o f p r o d u c t s . R a w m a t e r i a l f o r t h e b a l l s i s c o i l e d 
s t a i n l e s s s t e e l w i r e w h i c h i s a u t o m a t i c a l l y c h o p p e d i n t o s h o r t l e n g t h s . 
T h e s e c y l i n d r i c a l s e c t i o n s a r e m a n u a l l y f e d t o s p e c i a l g r i n d i n g m a c h i n e s , 
w h i c h t h r o u g h a b r a s i v e a c t i o n , r e d u c e t h e c y l i n d e r s t o m i n u t e b a l l s . T h e 
o u t p u t o f t h e s e m a c h i n e s a r e c h e c k e d i n a g o - n o - g o g a g e f o r c o r r e c t s i z e ; 
t h o s e w i t h t h e r e q u i r e d a t t r i b u t e a r e p l a c e d i n a r o t a t i n g h o p p e r c o n ­
t a i n i n g j e w e l e r ' s r o u g e a n d k e r o s e n e f o r o n e w e e k , f o l l o w e d b y a n a d d i t -
1 2 6 
i o n a l w e e k i n a l i m e s o l u t i o n . T h e s e o p e r a t i o n s p o l i s h t h e s u r f a c e a n d 
r e m o v e m a n y o f t h e s c r a t c h e s c a u s e d b y m a c h i n i n g . D e f e c t i v e b a l l s a r e 
d e t e c t e d a n d r e m o v e d b y a 1 0 0 p e r c e n t o p t i c a l i n s p e c t i o n . 
A f t e r f a b r i c a t i o n , m e t a l p a r t s a r e c l e a n e d a n d c e r t a i n o n e s e l e c t r o ­
p l a t e d . T h e c l e a n i n g o p e r a t i o n s a r e p r i m a r i l y d e g r e a s i n g w h i l e t h o s e 
p a r t s t o b e e l e c t r o p l a t e d a r e s u b j e c t e d t o f u r t h e r p r e p a r a t o r y c h e m i c a l 
t r e a t m e n t . F o r c l e a n i n g a n d d e g r e a s i n g , p a r t s a r e m a n u a l l y p l a c e d i n 
r o t a t i n g t u m b l e r s c o n t a i n i n g a c l e a n i n g s o l u t i o n , a n d a r e r e m o v e d a f t e r a 
g i v e n i n t e r v a l . 
P a r t s t o b e e l e c t r o p l a t e d a r e m a n u a l l y m o u n t e d o n e l e c t r i c a l l y 
w i r e d " t r e e s " w h i c h p e r m i t c u r r e n t f l o w t h r o u g h e a c h p a r t ; t r e e s a r e 
d i p p e d i n a c i d b a t h s a n d e l e c t r o p l a t e d w i t h e i t h e r n i c k e l , c o p p e r , c h r o m e , 
o r g o l d , d e p e n d i n g o n t h e m o d e l f o r w h i c h t h e y h a v e b e e n m a n u f a c t u r e d . 
C e r t a i n o t h e r c o m p o n e n t p a r t s a r e p u r c h a s e d , a l l o f w h i c h a r e 1 0 0 
p e r c e n t i n s p e c t e d b e f o r e u s e . E x c e p t f o r p r i n t i n g c o m p a n y n a m e s a n d 
a d v e r t i s i n g o n t h e b a r r e l s o f p e n s a n d p e n c i l s s o o r d e r e d , t h e r e m a i n d e r 
o f t h e o p e r a t i o n s a r e t h o s e o f a s s e m b l y . 
I n t h e a s s e m b l y o f b a l l p o i n t s , t h e b a l l - l e s s p o i n t s a r e o r i e n t e d 
a n d f e d t o a r o t a t i n g t a b l e o f a m u l t i - s t a t i o n m a c h i n e f r o m a v i b r a t i n g 
h o p p e r ; t h e p o i n t s a r e p o s i t i o n e d i n a w o r k h o l d i n g f i x t u r e a n d a s t h e y 
t r a v e l b e t w e e n m a c h i n e s t a t i o n s a r e d r i l l e d , c o u n t e r b o r e d , a n d f l a t s u r ­
f a c e s a r e g r o u n d o n t h e p o i n t e n d . T h e s t a i n l e s s s t e e l b a l l s a r e g r a v i t y 
f e d a n d a u t o m a t i c a l l y i n s e r t e d i n t h e p e n p o i n t a t o n e m a c h i n e s t a t i o n . 
T h e e n d p r o d u c t o f t h i s m a c h i n e c o m p o u n d i s t h e c o m p l e t e d p o i n t , r e a d y f o r 
a s s e m b l y t o i n k t u b e s . 
I n k f i l l i n g a n d c a p p i n g o f t h e p l a s t i c t u b e s w a s n o t o b s e r v e d , b u t 
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i t w a s r e l a t e d t h a t a u t o m a t i c m a c h i n e r y i s u s e d f o r t h i s o p e r a t i o n a l s o . 
T h e m e t a l a n d p l a s t i c c o m p o n e n t s o f t h e v a r i o u s m o d e l s o f b a l l 
p o i n t p e n s a r e t h e n m a n u a l l y a s s e m b l e d , u t i l i z i n g m e c h a n i c a l e q u i p m e n t 
i n s o m e i n s t a n c e s t o a s s i s t t h e o p e r a t i o n s . 
T h e m e c h a n i c a l p e n c i l c o m p o n e n t s a r e s i m i l a r l y m a n u a l l y a s s e m b l e d ; 
t h e l o w e r - p r i c e d p e n c i l s a r e a s s e m b l e d o n a p r o d u c t i o n l i n e b a s i s , u s i n g 
a w o r k - h o l d i n g c o n v e y o r f o r m o v e m e n t o f t h e p e n c i l s f r o m o p e r a t o r t o 
o p e r a t o r . A g a i n , s o m e m e c h a n i c a l e q u i p m e n t i s u s e d t o a s s i s t t h e o p e r ­
a t o r s . F o r o t h e r m o d e l p e n c i l s , a s s e m b l y i s o n a n i n d i v i d u a l b a s i s . 
A f t e r f a b r i c a t i o n , p r o d u c t s a r e m a n u a l l y p a c k a g e d i n a v a r i e t y o f 
c o n t a i n e r s . M o s t p r o d u c t s a r e m o u n t e d d i r e c t l y o n a d v e r t i s i n g p l a c a r d s 
t h o u g h s o m e a r e p l a c e d i n s m a l l c o n t a i n e r s . P a c k a g i n g o f e x t r a l e a d f o r 
p e n c i l s i s s e m i - a u t o m a t i c . O n e o f t w o o p e r a t o r s f e e d s b o x e s t o a p a c k ­
a g i n g m a c h i n e w h i l e t h e o t h e r m a n u a l l y a s s e m b l e s l e a d t o w o o d e n t r a y s a n d 
f e e d s t h i s u n i t t o t h e m a c h i n e . T h e m a c h i n e t h e n e n c l o s e s t h e t r a y s o f 
l e a d w i t h a c a r d b o a r d b o x . T h e d e t a i l s o f t h e p a c k a g i n g o p e r a t i o n s w e r e 
n o t o b s e r v e d i n f u r t h e r d e t a i l , b u t t h e y w e r e a p p a r e n t l y d o m i n a t e d b y 
m a n u a l o p e r a t i o n s . 
M A N A G E M E N T O P I N I O N S 
A p o l i c y - m a k i n g m a n a g e m e n t m e m b e r w a s c o n t a c t e d w h o s t a t e d t h a t 
h i s c o m p a n y h a d m a d e t e c h n o l o g i c a l e v a l u a t i o n s o f t h e i r p r o c e s s w i t h r e ­
g a r d t o a u t o m a t i o n a n d w a s a g r e s s i v e i n m a k i n g a u t o m a t i c i n s t a l l a t i o n s . 
H o w e v e r , t h e o p i n i o n w a s s t a t e d t h a t a u t o m a t i o n a s a c o n c e p t w a s n o t 
u n i q u e , b u t o n l y a n a c c e l e r a t i o n o f a u t o m a t i c i t y . 
I t w a s a l s o s t a t e d t h a t t h e p h i l o s o p h y t h a t a u t o m a t i o n o r i n c r e ­
a s e d a u t o m a t i c i t y w o u l d c a u s e a s o c i o l o g i c a l d i s r u p t i o n w a s f a u l t y , a n d 
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t h a t t h e e n d r e s u l t o f s u c h i n s t a l l a t i o n s w o u l d b e g e n e r a l l y b e n e f i c i a l . 
P R O D U C T C O N S I D E R A T I O N S 
T h e p r o d u c t s o f P l a n t E i g h t a r e w r i t i n g i n s t r u m e n t s o f v a r i o u s 
t y p e s . T h e i r f u n c t i o n i s t o l e a v e a v i s i b l e t r a c e o n a w r i t i n g s u r f a c e . 
T h e b a l l p o i n t i n p e n s h a s b e e n a n a d v a n t a g e o u s f u n c t i o n a l c h a n g e w h i c h 
i s a m e n a b l e t o a u t o m a t i c m a n u f a c t u r e a s a r e t h e r e c e n t l y d e v e l o p e d 
" l i q u i d l e a d " b a l l p o i n t p e n c i l s . F u r t h e r f u n c t i o n a l a l t e r a t i o n i s n o t 
a p p a r e n t , t h o u g h a l t e r a t i o n o f t h e m e c h a n i c a l c h a r a c t e r i s t i c s o f t h e 
e x i s t i n g u n i t s i s a p o t e n t i a l f o r a n a d v a n t a g e o u s c h a n g e . I t h a s b e e n 
r e l a t e d t h a t t h e m a n a g e m e n t o f P l a n t E i g h t i s a g g r e s s i v e i n d i s c o v e r i n g 
a n d m a k i n g t h e s e c h a n g e s . 
P R O C E S S C O N S I D E R A T I O N S 
T h e m a c h i n e r y o f P l a n t E i g h t i s n o w f u n c t i o n a l l y g r o u p e d ; t h e 
p r i n c i p l e o f m a c h i n e c o m p o u n d i n g i n d i c a t e s t h a t t h e g r o u p i n g o f m a c h i n e r y 
i n t o a m u l t i - s t a t i o n i n - l i n e m a c h i n e s y s t e m s h o u l d b e e x a m i n e d . T h e 
p r e s e n t f u n c t i o n a l m a c h i n e g r o u p i n g i s a c o n t r i b u t i n g f a c t o r w h i c h p r e ­
v e n t s f e a s i b l e a u t o m a t i c h a n d l i n g . S i n c e p r o d u c t i o n i s c o n t i n u o u s f o r 
m o s t m o d e l s , e v e n a p r o d u c t i o n l i n e g r o u p i n g w i t h a u t o m a t i c i n t e r m a c h i n e 
t r a n s f e r o f p a r t s w o u l d f a c i l i t a t e p r o c e s s a u t o m a t i c i t y . 
S t a r t i n g w i t h t h e f i r s t a c t u a l o p e r a t i o n , t h a t o f i n j e c t i o n m o l d ­
i n g , i t w a s n o t e d t h a t p l a s t i c c h i p s w e r e s t o r e d i n b a g f o r m a n d m o v e d 
f r o m s t o r a g e t o m a c h i n e s o n p a l l e t s . T h e p r i n c i p l e s o f p r o c e s s i n g c o n ­
t i n u o u s f o r m m a t e r i a l a n d l i v e s t o r a g e s u g g e s t s t h a t p l a s t i c c h i p s b e 
t r a n s f o r m e d t o c o n t i n u o u s o r b u l k f o r m a t t h e e a r l i e s t s t a g e p o s s i b l e . A 
m e t h o d o f d o i n g t h i s i s t h e b r e a k i n g o f t h e d i s c r e t e b a g s o n r e c e i p t a n d 
129 
storing the various grades of plastic in large hoppers which could feed 
directly to the molding operations (either to the machines themselves, 
or to some central location in the molding area from which machine-
hopper loads of plastic could he obtained, thus elimnating the manual 
handling of bags and pallets). If each machine is used for the pro­
duction of one model and uses only one color of plastic continuously, 
then it would become feasible to feed the bulk stored material directly 
to the machine. 
As has been previously stated, it is conceivable that the output 
of the molding machines could be automatically positioned and fed to the 
succeeding operations. 
Regarding the electroplating of parts, the existing method is 
that of a batch process in which a number of parts are mounted on elec­
trically wired trees. The function of this mounting is to provide an 
electrical connection to each part and to further provide a unit hand­
ling device. The parts in discrete form, of course, have no inherent 
electrical connections, though they do while in continuous form. Dis­
counting the possibility of electroplating the coil stock before manu­
facturing operations, it is nevertheless possible to again place the 
discrete units in continuous form after manufacture by spot-welding a 
wire to a surface which will be hidden after assembly. These units could 
then be continuously passed through an electroplating solution with the 
connecting wire furnishing the current to each component. If light 
welding equipment is used, such as that employed in the welding of dental 
bridges, then these welds could be broken from the wire by an automatic 
shearing action. Theoretically, wire could be used for several cycles: 
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a f t e r r e c e i v i n g a n u n s a t i s f a c t o r y a m o u n t o f p l a t i n g i t s e l f , t h e w i r e 
c o u l d b e p l a c e d i n t h e e l e c t r o p l a t i n g p r o c e s s t o r e c o v e r t h e m e t a l 
w h i c h i t h a s a b s o r b e d . A n a l t e r n a t i v e t o t h i s m e t h o d i s t o r e t a i n a 
s e g m e n t o f t h e s t r i p s t o c k a s a c o n n e c t o r f o r t h e v a r i o u s p r o d u c t s . 
T h a t i s , r a t h e r t h a n b l a n k e a c h u n i t f r o m s t r i p s t o c k , r e t a i n a t h i n 
c o n t i n u o u s c o n n e c t o r b e t w e e n e a c h i t e m . T h e p r o d u c t s c o u l d t h e n e i t h e r 
b e i m m e r s e d i n t h e e l e c t r o p l a t i n g s o l u t i o n c o n t i n u o u s l y o r i n b a t c h e s 
b u t w i t h o u t t h e t e d i o u s m a n u a l m o u n t i n g . A f t e r p l a t i n g , t h e p a r t s c o u l d 
t h e n e i t h e r b e s e v e r e d b y a b l a n k i n g o r s h e a r i n g o p e r a t i o n . 
R e g a r d i n g t h e e x i s t i n g m a n u a l a s s e m b l y o f t h e m e c h a n i c a l p e n c i l s , 
a w o r k h o l d i n g m a t e r i a l s h a n d l i n g c o n v e y o r i s n o w u s e d t o m o v e t h e p e n ­
c i l s b e t w e e n m a n u a l a s s e m b l y s t a t i o n s . T h i s o p e r a t i o n i s v e r y a d a p t a b l e 
t o a u t o m a t i c a s s e m b l y , i n p a r t i f n o t i n w h o l e , t h r o u g h t h e u s e o f a r i g i d 
i n d e x i n g w o r k h o l d i n g c o n v e y o r m o v i n g b e t w e e n a u t o m a t i c a s s e m b l y s t a t i o n s ; 
t h e a s s e m b l y o p e r a t i o n s a r e p r i m a r i l y t h o s e o f p o s i t i o n i n g f o r w h i c h e x ­
i s t i n g o r i e n t a t i o n a n d f e e d i n g e q u i p m e n t i s n o w a v a i l a b l e . T h e d e s i g n o f 
t h e o v e r a l l m a c h i n e c o m p o u n d , o f c o u r s e , w o u l d n e c e s s a r i l y b e o f a s p e c i a l 
n a t u r e . T h e o b s e r v e d a s s e m b l y o p e r a t i o n s o f t h e o t h e r m o d e l s o f p e n s a n d 
p e n c i l s a r e a l s o m a n u a l , b u t w i t h o u t t h e c o n t i n u o u s m a t e r i a l s h a n d l i n g 
u n i t . I t i s t e c h n o l o g i c a l l y f e a s i b l e t o p e r f o r m t h e s e a s s e m b l y o p e r a t i o n s 
a u t o m a t i c a l l y , p a r t i c u l a r l y i n t h e c a s e o f t h e b a l l p o i n t p e n s , t h o u g h 
v o l u m e c o n s i d e r a t i o n s m a y p r e c l u d e t h e i n v e s t m e n t n e c e s s a r y . A s w a s o b ­
s e r v e d , o n e p h a s e o f t h e b a l l p o i n t o p e r a t i o n i s p r e s e n t l y a u t o m a t i c , 
t h a t o f t h e p r o c e s s i n g o f t h e p o i n t a n d t h e a s s e m b l y o f t h e b a l l a n d 
p o i n t . T h e s e c o n s i d e r a t i o n s e m p l o y t h e p r i n c i p l e s o f a r t i f i c i a l c o n t i n ­
u o u s p r o c e s s i n g a n d m a c h i n e c o m p o u n d i n g . 
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P r i n c i p l e s w h i c h h a v e a p o t e n t i a l l y d i r e c t a p p l i c a t i o n i n t h e 
a u t o m a t i c i t y o f P l a n t E i g h t a r e : 
F u n c t i o n a l C o m p o n e n t A n a l y s i s 
P r o c e s s i n g o f C o n t i n u o u s F o r m M a t e r i a l 
A r t i f i c i a l C o n t i n u o u s P r o c e s s i n g 
M a c h i n e C o m p o u n d i n g 
L i v e S t o r a g e o f M a t e r i a l 
I n t e r m a c h i n e T r a n s f e r 
A n a n a l y s i s o f o p e r a t o r f u n c t i o n s m a y a l s o i n d i c a t e p o s s i b i l i t i e s 
f o r t h e u s e o f a u t o m a t i c e q u i p m e n t . 
D a t a f o r t h e c o m p u t a t i o n o f o p e r a t i n g r a t i o s f o r P l a n t E i g h t w a s 
n o t a v a i l a b l e . 
PLANT NINE 
P R O C E S S O B S E R V A T I O N S 
P l a n t N i n e m a n u f a c t u r e s a t o y c o n s i s t i n g o f a w o o d e n p a d d l e c o n ­
n e c t e d t o a r u b b e r b a l l b y a t h i n s t r a n d o f r u b b e r . T h e e n t e r t a i n m e n t 
v a l u e o f t h e t o y c o n s i s t s o f s u c c e s s i v e l y h i t t i n g t h e b a l l w i t h t h e 
p a d d l e • 
R u b b e r b a l l s a n d s t r a n d s a r e p u r c h a s e d b y t h e o r g a n i z a t i o n a n d 
a s s e m b l e d ; w o o d e n p a d d l e s a r e f a b r i c a t e d a n d a s s e m b l e d t o t h e b a l l s a n d 
s t r a n d s . R a w m a t e r i a l f o r t h e p a d d l e s i s r e c e i v e d i n t h e f o r m o f r e c ­
t a n g u l a r p l y w o o d s h e e t s w i t h d i m e n s i o n s o f a p p r o x i m a t e l y o n e b y t h r e e 
f e e t . F i f t e e n o f t h e s e s h e e t s a r e n a i l e d t o g e t h e r a n d t h e u p p e r m o s t 
s h e e t i s m a n u a l l y m a r k e d w i t h t h e p a t t e r n o f t h e p a d d l e s t o b e c u t t h e r e ­
f r o m . T h e s e f i f t e e n l a y e r b l o c k s a r e t h e n t r a n s p o r t e d o n f o u r w h e e l 
d o l l i e s t o a b a n d s a w w h e r e t h e y a r e m a n u a l l y c u t i n a c c o r d a n c e w i t h t h e 
p a t t e r n p r e v i o u s l y p e n c i l e d o n t h e t o p p l y w o o d s h e e t . T h e s h e e t s a r e 
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nailed in such a manner that the paddles can be freely removed after 
the sawing operation. 
The second operation in the process is that of sanding the paddle 
edges to remove the rough areas caused by the bandsawing. The sanding 
operator positions the paddles to a rotary sander. Paddles are then 
either manually spray painted (to become the "Deluxe" model) or are 
printed unpainted with decorative designs (for the "Custom" model)• After 
spray painting, the deluxe models are also printed. 
Printing is accomplished in two one-color platen presses which 
print the trade mark of the toy, the manufacturer's name, and a decora­
tive design. Operator functions are those of feeding and removing 
paddles between platen indexes. 
During these operations, the rubber strands and balls are assem­
bled by inserting the rubber strand through a punctured hole in the ball. 
This is performed in a fixture in which a crocheting needle is mounted 
in such a manner that an operator can drape the rubber strand over the 
niche in the needle and push the entire ball over the needle so that the 
ball is punctured and on removal the rubber strand is retained in the 
puncture hole* The strand is retained by the recompression of the ball. 
The rubber strand is then manually stapled (with a production 
stapler) to the center of the paddle. The stapling operator winds the 
strand around the paddle handle preparatory to packaging. Units are 
manually packaged in corrugated containers. 
MANAGEMENT OPINIONS 
A policy making management member stated that he was unfamiliar 
with automation though his company was presently developing automatic 
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m a c h i n e r y f o r u s e i n t h e p r o c e s s . H e s t a t e d t h a t a p r i m e c a u s e o f P l a n t 
N i n e ' s i n t e r e s t i n a u t o m a t i c m a c h i n e r y w a s d u e t o p r e s s u r e t o r e d u c e 
l a b o r c o s t . T h e i n c r e a s e i n t h e m i n i m u m w a g e , i t w a s s t a t e d , g a v e f u r ­
t h e r i m p e t u s t o t h i s i n t e r e s t . 
P R O D U C T C O N S I D E R A T I O N S 
F u n c t i o n a l l y , t h e p r o d u c t o f P l a n t N i n e i s a n i n s t r u m e n t o f e n t e r ­
t a i n m e n t f o r c h i l d r e n . T h e r e a r e m a n y s u c h i n s t r u m e n t s c o n c e i v a b l e o f 
c o u r s e , b u t e a c h i s u n i q u e i n t h a t i t i s d i f f e r e n t , a n d s a l e s a r e p r e ­
d i c a t e d o n t h e u n i q u e q u a l i t i e s o f t h e t o y , A f u n c t i o n a l p r o d u c t c h a n g e 
i n v o l v e s t h e m a n u f a c t u r e o f a d i f f e r e n t t o y , w h i c h m a y n o t b e d e s i r a b l e . 
T h e p r e s e n t t o y m a y b e p r o d u c e d i n a m o r e a u t o m a t i c m a n n e r b y 
s u b s t i t u t i n g m a t e r i a l s - T h e p a d d l e c o u l d b e c o m p l e t e l y m a n u f a c t u r e d i n 
a p l a s t i c m o l d i n g p r o c e s s i n o n e o p e r a t i o n ; t h e d e s i g n s a n d i n f o r m a t i o n 
n o w p r i n t e d o n t h e p a d d l e c o u l d b e m o l d e d i n t o t h e p a d d l e , a n d t h e m a r k ­
i n g , s a w i n g , s a n d i n g , a n d m u c h o f t h e m a t e r i a l s h a n d l i n g w o u l d a l s o b e 
e l i m i n a t e d . 
I t m a y b e p o s s i b l e t o b l a n k p a d d l e s o n a p r e s s i f a m a t e r i a l w i t h 
t h e r e q u i r e d c h a r a c t e r i s t i c s c o u l d b e d e v e l o p e d . T h i s t y p e o p e r a t i o n 
w o u l d b e i n a c c o r d w i t h t h e p r i n c i p l e o f m a n u a l c o n t r o l e l i m i n a t i o n ( s a w ­
i n g ) a n d m a y a l l o w t h e u s e o f t h e p r i n c i p l e s o f p r o c e s s i n g o f c o n t i n u o u s 
f o r m m a t e r i a l s o r m e c h a n i c a l f e e d i n g e q u i p m e n t . 
P R O C E S S C O N S I D E R A T I O N S 
C o n c e r n i n g t h e f u n c t i o n a l m a t e r i a l c h a n g e d i s c u s s e d a b o v e , i t i s 
p o s s i b l e t o u s e a n i n j e c t i o n m o l d i n g m a c h i n e t o p r o d u c e t h e p a d d l e s * 
S e v e r a l p r i n c i p l e s a r e i n v o l v e d i n t h i s o p e r a t i o n p a r a m o u n t o f w h i c h i s 
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that material could be maintained in live storage in hoppers and con­
tinuously fed to the molding machine as discussed in the process con­
siderations of Plant Eight, Painting would be thus incorporated in the 
primary fabricating operation, in effect, since colored plastics may be 
used, as would be the printing operation since the information now printed 
could be molded into the paddle face, 
While the investment necessary for an injection molding machine is 
considerable, more than half of the labor operations would be eliminated. 
In the final analysis, these savings and the increased cost of raw mater­
ial must be taken into account to determine the feasibility of the pro­
cess. 
The second alternative posed in the Product Considerations is 
that of blanking the paddles from a suitable material, While no such 
material is apparent to the author, the matter is worthy of research 
since several operations could be eliminated and the possibility of auto­
matically feeding the blanking press would enhance the automation poten­
tial of the process and may reduce fabricating cost. 
Concerning the existing process, the first operation is one of 
entering control information (patterns) to the plywood sheets. There are 
several alternative methods of doing this, one of which is to store the 
cutting information in the cutting instrument: that is, in the case of 
blanking, the storage of the pattern to be cut in the die itself. Also 
a saw feed table could be designed with a two dimensional control system 
which would feed workpieces to the saw in accordance with a stored in­
formation device, such as a cam or punched tape. A less sophisticated 
method of introducing control information is the automatic printing of 
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p a t t e r n s o n t h e p l y w o o d s h e e t s . I f v o l u m e d o e s n o t w a r r a n t t h e p u r ­
c h a s e o f a s p e c i a l p r i n t i n g p r e s s , a l a r g e m a n u a l l y o p e r a t e d r u b b e r 
s t a m p w o u l d c o n s t i t u t e a n i m p r o v e m e n t o v e r t h e p r e s e n t m e t h o d , t h o u g h i t 
w o u l d n o t b e a n a u t o m a t i c o p e r a t i o n . B o t h t h e d e c o r a t i v e d e s i g n s a n d 
p a t t e r n s c o u l d b e s i m u l t a n e o u s l y p r i n t e d o n t h e p l y w o o d s h e e t s t h o u g h t h e 
p o s s i b i l i t y e x i s t s t h a t t h e p a t t e r n o u t l i n e s m a y b e c o m e o u t o f a l i g n m e n t 
d u r i n g t h e n a i l i n g a n d s a w i n g o p e r a t i o n . H o w e v e r , t h e r e i s n o r e a s o n 
w h y t h e d e c o r a t i v e m a t e r i a l a l o n e c o u l d n o t b e p r i n t e d o n t h e s h e e t s b e ­
f o r e t h e s a w i n g o p e r a t i o n s o a s t o r e d u c e t h e n u m b e r o f d i s c r e t e u n i t s 
h a n d l e d i n t o a n d o u t o f t h e p r i n t i n g p r e s s . 
T h e s e o p e r a t i o n s c o u l d b e p e r f o r m e d a u t o m a t i c a l l y b y u s i n g t h e 
p r i n c i p l e o f a r t i f i c i a l c o n t i n u o u s p r o c e s s i n g . I t i s e n v i s i o n e d t h a t a 
m e c h a n i c a l f e e d i n g u n i t c o u l d f e e d u n n a i l e d s t a c k s o f p l y w o o d t o a p r o ­
d u c t - d e s i g n e d c o n v e y o r w h i c h w o u l d p o s i t i v e l y p o s i t i o n t h e s h e e t s a n d 
m o v e t h e m u n d e r p r i n t i n g r o l l e r s . A c o u n t e r c o u l d d e t e r m i n e t h e f i f ­
t e e n t h s h e e t a n d a c t u a t e a n a d d i t i o n a l p r i n t i n g r o l l e r t o p r i n t t h e 
p a d d l e o u t l i n e . T h e s e s h e e t s c o u l d t h e n b e c o n v e y e d t o a n a u t o m a t i c 
n a i l i n g m a c h i n e , s t a c k e d , n a i l e d , a n d e j e c t e d t o a p r o d u c t d e s i g n e d c o n ­
v e y o r f o r t r a n s p o r t a t i o n t o e i t h e r a n a u t o m a t i c o r m a n u a l s a w i n g o p e r a t i o n . 
T h e c u t t i n g o p e r a t i o n c o n s i s t s o f g u i d i n g t h e w o r k p i e c e t h r o u g h a 
c u t t i n g i n s t r u m e n t i n a c c o r d a n c e w i t h c o n t r o l i n f o r m a t i o n . A s h a s b e e n 
s t a t e d , a c o n t r o l l e d s a w t a b l e c o u l d m o v e t h e w o r k p i e c e i n t o t h e s a w , a s 
w o u l d a p h o t o e l e c t r i c l i n e f o l l o w e r . 
T h e o p e r a t o r f u n c t i o n i n t h e s a n d i n g o p e r a t i o n i s o n e o f p o s i ­
t i o n i n g t h e p a d d l e t o r o t a r y s a n d e r . T h e s a n d e r c o u l d e f f e c t i v e l y b e 
p o s i t i o n e d t o a l l e d g e s o f t h e p a d d l e b y b u i l d i n g t w o s a n d e r s , e a c h o f 
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which would have sanding surfaces in a negative half contour of the pad­
dle. Two of these units, operating much like a centerless grinder could 
receive paddles and simultaneously smooth all surfaces and then eject the 
units. 
Regarding the assembly of balls to the rubber strands, there ex­
ists the possibility of evolving a mechanical device to perform the 
current operator functions of positioning the strand to the needle, the 
ball to the needle, and removal of assembled units from the needle. Due 
to the complexity of these operations, a completely mechanical device may 
be unfeasible. In a semi-automatic operation, using the current needle 
piercing method, the operator could position the strand to the needle, 
and an automatic ball feed could position the ball to the needle point; a 
hydraulic or air piston could drive the ball on to the needle and a like 
mechanism could remove the assembly. Thus one operator could tend several 
machines, only performing the function of threading the rubber strand to 
the needle which would otherwise require a complex mechanical operation. 
Balls could drop release to a feed conveyor leading to the paddle-ball 
assembly station. Due to the nature of the rubber strands, it may be dif­
ficult to use automatic positioning equipment for this final assembly. 
The principles which have direct applications in Plant Nine are: 
Processing of Continuous Form Material 
Artificial Continuous Processing 
Mechanical Feeding Equipment 
Live Storage of Material 
Intermachine Transfer 
Analysis of Operator Functions 
Computed operating ratios for Plant Nine are: 
Production Value : Equipment Investment 8 . 3 3 
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Payroll t Equipment Investment 
Equipment Investment : No. Production Personnel 
Production Value : No. Production Personnel 
1 . 3 3 
• 1 1 , 3 6 1 . 
PLANT TEN 
Instead of the product and process considerations presented in the 
previous plant surveys, four operations involving operator functions have 
been observed and analyzed for the purpose of determining the exact nature 
of operator functions. These observations are presented in chart form in 
Tables 2 , 3 , U, and 5>, and are discussed separately below. 
PRESS OPERATION 
Table 2 presents the observations of a press operation. The work 
to be performed is that of crimping two edges of a stove pan; the oper­
ator obtains the workpiece from a pallet, positions it to the machine, 
and actuates the press. After one crimping operation the operator removes 
the workpiece and positions the opposite end to the press dies to crimp 
again; the unit is then placed aside on another pallet. 
It is observed from Table 2 , that the operator is performing mech­
anical actions in transporting materials, and performing a control function 
by actuating the machine. The machine is completely passive until actuated 
at which time it cycles. 
What is obviously necessary is a means of transporting and position­
ing material to the press, and machine actuation. Incoming materials are 
presently received on pallets; a feeding mechanism for materials in this 
form would be unnecessarily complex, consequently it is indicated that the 
units should be fed, perhaps on guide rails from the preceding operation 
Table 2 
M a n - M a c h i n e - F u n c t j o n s A n a l / s / s C h a r t 
P R O C E S S jrinip edges of stamped stove pan 
F U N C TtON C T fkoCCSS CrUap two edges N o . 
PRODUCT
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directly to this one* Two or more microswitches connected in series 
mounted on or adjacent to the die could serve as means of detecting cor­
rect workpiece position and consequently actuate the machine. A means of 
automatic ejection is then necessary; various mechanical ejector pins 
could serve as an ejector as could a blast of air. 
It is noted that the operator can perform either of these functions 
(control or mechanical) with automatic actions for the other. Consequently 
if the automatic feed and ejection devices were considered infeasible, it 
may be possible to retain the manual feeding but with automatic microswitch 
or photoelectric machine actuation. In conjunction with such an automatic 
actuating device, a positive operator safety device would be desirable. 
GRINDING CAST LAWN SEAT BACKS 
The objective of this operation is to remove rough areas from cast 
lawn seat backs. This Is accomplished manually with a grinding wheel to 
which an operator positions and grinds the workpieces. The operator must 
inspect each unit for defects prior to machining and then continuously 
control the position of the workpiece in relation to the grinding wheel. 
The operator functions of this operation differ from the previous one 
primarily in that the positioning and control functions are inter-related; 
the position of the workpiece is controlled by observations of the area to 
be ground (which has been tercned a feedback observation). The process 
variables appear to be the location of the grinding area and the amount 
of material to be removed. If these variables can be isolated and deter­
mined quantitatively, then a basis may be developed for the automatic 
grinding of the seat backs. 
Table 3 
MAN- MACHINE FUA/CT/ONS ANAL y s / s CHART 
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Man-Machine Functions of a Grinding Operation 
This operation illustrated the flexibility of human operators; if 
the variables mentioned above cannot be isolated, it would be difficult 
to construct an automatic machine to duplicate the manual functions; if 
they can be isolated, and a machine is constructed to grind the seat 
backs, the appearance of a rough spot at an area which is not at the pre­
determined grinding area will, of course, not be ground since it is out­
side the design characteristics of the machine. The remaining alterna­
tive to the automation of this operation is a consideration of revising 
the overall process. 
This operation is of interest because it demonstrates interrelated 
control and handling functions, and flexibility of human performance 
which is difficult to duplicate* 
SPOT WELDING OF SHEET METAL LAWN SEATS 
This operation is similar to the first discussed since the oper­
ator functions are those of transporting the seat to the area of the spot-
welder, positioning to the welder, and actuation of the machine. In addi­
tion, the operator must clamp and unci amp the angle iron to the stamped 
seat. Again, if machine utilisation is a major factor, It would be worth­
while to investigate the possibility of providing an additional operator 
to clamp the two units, transport the assembly to the positioning oper­
ator and unclamp the completed units. Also the use of two spot welders 
would allow the operation to be completed in one positioning action in­
stead of two. If two such units were used, it is conceivable that a posi­
tioning mechanism would allow the part to slide under the welding heads, 
with machine actuation by microswitches or photoelectric beam interruption* 
Table h 
MAN-MACHINE FUNCT/ONS ANALYSIS CHART 
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Man-Machine Functions of a Spot Welding Operation 
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Ejection may be accomplished by a hydraulic table tilting action. 
If the angle iron support is not to be manually attached, it would 
be necessary to provide a separate positioning unit for them with a con­
trol interlock to prevent machine actuation until all components were 
positioned* 
The more basic observation is that the operator functions are 
divisible into control and positioning functions; it may not be desirable 
to automatize both functions, but rather to consider the automation of 
perhaps the control function separately retaining the operator for hand­
ling, where such action will contribute to more productive work. 
POURING GRJC IRON 
The operator functions of the pouring of gray iron as presented -in 
Table 5 are primarily those of transportation and positioning the ladle. 
To automate these operations directly could well evolve into a complex 
and infeasible mechanical assembly. The overall function of the oper­
ation is to fill the molds, in one remote location, with molten gray iron, 
initially in another location. The operation variable is that of location 
of the molds; the operator transports ladles of molton iron to the various 
mold locations from one iron source. This movement is one of relative 
motion of the molten iron and the molds; i.e., the molds can be moved to 
the source, or the source can be moved to the molds. This latter alter­
native is, in effect, that which is accomplished now. 
Control functions are primarily those of positioning the ladle to 
the filling spout and positioning the stream of molten iron to the mouth 
of the mold. Both of these functions can be automatized if sufficient 
Table $ 
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volume justifies the equipment necessary. Again, it may be advantageous 
to consider the automation of one of the above functions rather than 
both. An automatic materials handling installation which will deliver 
the molds to a central pouring area, perhaps with live conveyor storage 
of the molds, may be advantageous. 
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CHAPTER VTII 
CONCLUSIONS AM) RECOMMENDATIONS 
This study has generally indicated that there is a potential to 
use automatic techniques in medium sized Georgia plants; the feasibility 
of such installations is largely undetermined because no economic eval­
uations have been made. The inclusion of such an economic analysis in a 
future study is recommended. The plant surveys are believed to have in­
dicated that no overall analysis of the processes have been made from 
the standpoint of automation. Inasmuch as a general potentiality is in­
dicated, a future study of one process, including recommendations for 
specific units of equipment and an economic evaluation would be of value. 
A' basic relationship between methods analysis and considerations 
for automation has been observed. Since automation or automatic techni­
ques is one alternative of the possible methods of production, automation 
is consequently within the scope of methods analysis. Methods analysts 
should therefore reinforce themselves with a knowledge of automatic techni­
ques and thus be prepared to detect and evaluate automation installations. 
As an aid to these methods considerations, l£ proposed principles 
have been generalized from observed patterns of current automatic activi­
ties. An attempt has been made to apply these proposed principles to the 
observations of existing processes. The exercise of these principles in­
dicates that they are of value in such automatic system development. The 
developed principle concerning processing material in continuous form 
rather than in discrete units has been found to be the most universally 
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applicable and has suggested process modifications of a wide scope. 
The discussions with management members have shown that manage­
ment interest and knowledge has ranged from total unfamiliarity to ag­
gressive evaluation. Generally, management has stated that their current 
process could not use the developments in automaticity at present. Auto­
mation was felt to be applicable to only larger organizations with con­
tinuous runs which could afford large equipment investments. While almost 
half of the firms stated that process evaluations had been made, obser­
vations of the processes and discussions with plant personnel indicated 
that such analyses were not comprehensive and all-inclusive. The im­
pression was given that these evaluations were closely related to the 
developments of machinery manufacturers. Special machinery developments 
were not apparent in the majority of plants visited and only one manage­
ment member reported that such machinery, on a large scale, was under 
development* There is, of course, no assurance that the other organiza­
tions are not doing so also. 
Regarding the processes in general, it is unlikely that complete 
automaticity could be effectively utilized, however, it was observed that 
opportunities exist in all the plants visited for the automation of sections 
of the processes. In addition, many opportunities were noted for non-auto­
matic methods improvements. Observations of operator functions have shown 
that they consist of transportation and control activities, though often 
inter-related. It appears feasible to use physical equipment to replace 
either, and not necessarily both the transportation and control functions. 
Control of a process or operation has been found to be an infor­
mation processing activity. As the control function increases in complex-
11*8 
ity, the equipment needed for automatic control also increases; human 
control has been evaluated as the most flexible means of control and con­
sequently for complex control situations, combinations of human and auto­
matic control should be balanced to achieve feasible control installations* 
The use of large scale computing equipment for conditional control and 
simulation is not considered feasible in the plants visited, though limited 
use of computer components may be warranted. 
Table 6 summarizes the economic data obtained from the plants 
visited* It was intended to determine which, if any of these ratios in­
dicate the relative states of automation of the processes. The first 
ratio, that of Annual Value of Production : Production Equipment Invest­
ment is lower for the plants with more automatic equipment. Plant Four, 
however, has a lower ratio than Plant One and is considered less automatic; 
if these relative states of automaticity exist as stated, then it is con­
cluded that either the data obtained is not accurate or that this ratio is 
not a good indication of the relative states of automaticity. The ratio 
of Annual Production Labor Payroll : Production Equipment Investment shows 
a higher value for the less automatic plants. The third ratio which is 
Production Equipment Investment : Number of Production Personnel has a 
lower value for the less automatic plants. This ratio, it has been found, 
is similar to the previous one, differing from the inverse of the second 
ratio as a function of the annual wages of the employees. The fourth ratio 
computed, that of Production Value : Number of Production Personnel indi­
cates those plants which are relatively non-automatic have lower values. 
The correlation of the economic ratios with the existing state of 
automaticity of the processes visited involves the intuitive ranking of 
Table 6 
Summary of Economic Ratios From the Plants Visited 
Production Value Annual Payroll Equipment Investment Production Value 
Equipment Investment Equipment Investment Number Personnel Number Personnel 
Plant No. 
1 6.5l 0.36 $6,221 ftO,502 
2 7.93 1.12 $3,024 $23,967 
h 3.57 0.86 $3,500 $12,500 
5 - - 6.00 $ 313 
6 10.00 0.90 $2,857 $28,571 
7 10.00 1.95 $ 889 $ 8,889 
9 8.33 1.33 $1,36U $ll,36u 
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the plants* XL1 of the ratios roughly indicate those plants with little 
or no automatic equipment* Equipment investment is not a stable figure 
which can be compared from plant to plant* Production value is even less 
stable; the annual wholesale value of production was requested, but this 
value was stated by one executive to vary between periods of time for a 
constant volume of production* H s o wholesale value can change while the 
product is in inventory. The annual wages of employees have been found 
to vary, with the larger salaries being paid to employees of the more 
automatic plants* Consequently, the ratio of Equipment Investment t 
Number of Production Personnel, even though it uses the questionable 
value of Equipment Investment is favored over the other ratios as an in­
dication of the relative state of process automaticity* Plants with 
values for this ratio below $1,000 have been found to embody a large 
amount of manual operations; between $1,000 and $ u , 0 0 0 the processes use 
primarily mechanical equipment and operator combinations* The one plant 
visited which had a value above $ 4 i 0 0 0 (Plant One; $ 6 , 2 2 1 ) was apparently 
the most automatic with relatively few operator functions though most 
variables were manually controlled. Care should be exercised that this 
ratio serves only to indicate relative states of the automaticity of 
processes and not the most efficient process* Production objectives are, 
of course, to maximize profits and not to maximize the ratio of Equip­
ment Investment t Number of Production Personnel* 
Several other specific conclusions are: 
1* The use of the term "automation1* may serve to unduly influence 
process design to detracting from the optimum method in order 
to achieve a titled process* 
2. The major benefit of manual control is versatility, while the 
main advantages of automatic control are the release of oper-
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ators from repetitive control tasks and an inherent speed 
of reaction. 
3. Repetitive control patterns can be stored in memory media 
and selected in accordance with a conditional action. 
ii. Materials handling would be facilitated by flexible, 
multiple flow paths. 
5« A combination of static storage containers and dynamic 
vehicles would facilitate automation of materials handling. 
6 . Automaticity of materials handling assumes two forms in the 
process phaset (a) the grouping of machines around a 
central materials handling unit, and (b) the use of special 
conveying, feeding, and unloading units. 
7 . Materials are handled with less difficulty while materials 
are in continuous form. 
8 . Automaticity of lot processes can be facilitated where 
those operations with characteristics of continuous manu­
facture can be segregated and continuously processed. 
Regarding the steps to be taken in an analysis of a process for 
possible automation, the author suggests a functional analysis of the 
product for the determination of redesign possibilities which will permit 
automatic manufacture and the possible elimination of run differences. 
Next, the method of manufacture should also be functionally considered 
for possible basic change. Once the basic method of manufacture has been 
determined, it is recommended that consideration be given to the materi­
als handling function by either compounding machines around a central 
materials handling unit (such as is done in transfer machines) or provid­
ing for automatic machine feeding and unloading. Simultaneously, con­
sideration should be given to the variables which must be adjusted for run 
differences and the other variables which must be controlled. Automatic 
control equipment and operator control combinations should be balanced for 
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feasible installations. And, of course, the economic feasibility of the 
overall installation must be determined. 
Several potential thesis topics which have become apparent during 
the execution of this work are: 
1 . An Investigation of Real Time Applications of Digital 
or Analog Computers in Manufacturing Operations. 
2. A Comprehensive Analysis of the Automation Potential 
of a Manufacturing Operation. 
3» Ah Analysis of Operator-Controlled Variables in 
Several Industries. 
iw A Synthesis of Automatic Control Techniques. 
5. An Investigation of Automatic Materials Handling 
Techniques. 
6 . The Automation Potential of Several Fabricating 
Operations. 
7 . The Automation Potential of Several Flow Processes. 
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